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Space Station Freedom, now under development, is a manned low Earth orbit 
facility which will become part of the space infrastructure. Starting in the mid 
1990s, Freedom will support a wide range of activities, including scientific 
research, technology development, commercial ventures and, eventually, serve as 
a transportation node for space exploration. While the initial facility will not be 
capable of meeting all requirements, the space station will evolve over time as 
requirements and on-board activities mature and change. The space station 
design, therefore, allows for evolution to: 

- expand capability, 

- increase efficiency, and 

- add new functions. 

It is anticipated that many of the evolutionary changes will be accomplished 
through on-orbit replacement of systems, subsystems, and components as 
technology advances. Therefore, technology development is critical to ensure the 
continuing operation and expansion of the facility. 

The Office of Aeronautics, Exploration and Technology (OAET) has sponsored 
development of many of the technologies that are now part of Space Station 
Freedom' s baseline design. Evolutionary and operational aspects of Freedom 
continue to be an important thrust of OAET's Research and Technology (R&T) 
efforts. 

This workshop has been an important step in our understanding of the space 
station’s baseline systems, the evolutionary scenarios including the station's role 
in space exploration, and the technologies that will be necessary to meet 
evolutionary and growth requirements. 

It is anticipated that application of the information acquired through the 
workshop will lead to further technology development efforts to benefit Freedom 
and will lead to continued collaboration between the Space Station Freedom 
Program and the technology development community. 



CLARIFICATION 


Since the workshop was conducted in January of 1990, there have be 
organizational changes throughout the agency. The Office of Aeronau 
Space Technology (OAST) has been reorganized to include the former 
Exploration and is now called the Office of Aeronautics, Explorati 
Technology (OAET). Also, the Human Exploration Initiative (HEI) h 
expanded and renamed the Space Exploration Initiative (SEI). Some 
materials in these proceedings were prepared after the workshop, and, th 
references to new organizational entities and new programs may be found i 
sections. 
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INTRODUCTION 


NASA's Office of Aeronautics and Space Technology (OAST) conducted a 
workshop on technology for space station evolution January 16-19, 1990, in Dallas, 
Texas. The purpose of this workshop was to collect and clarify Space Station 
Freedom technology requirements for evolution and to describe technologies that 
can potentially fill those requirements. OAST will use the output of the workshop 
as input for planning a technology program to serve the needs of space station 
evolution. The mam product of the workshop is a set of program plans and 
descriptions for individual technology areas. These plans are the cumulative 
recommendations of the more than 300 participants, which included researchers, 
technologists, and managers from aerospace industries, universities, and government 
organizations. 

The identification of the technology areas to be included, as well as the 
development of the program plans, was initiated by assigning NASA chairmen to the 
eleven technology disciplines under consideration. The disciplines are as follows: 

Attitude Control and Stabilization (ACS) 

Communications and Tracking (C&T) 

Data Management System (DMS) 

Environmental Control and Life Support Systems (ECLSS) 

Extravehicular Activity/Manned Systems (EVA/MANSYS) 

Fluid Management System (FMS) 

Power System (POWER) 

Propulsion (PROP) 

Robotics (ROBOTICS) 

Structures /Materials (STRUCT) 

Thermal Control System (THERM) 

Each chairman worked with a panel of experts involved in research and 
development in the particular discipline. The chairmen, with the assistance of their 
panels, were responsible for selecting invited presentations, identifying and inviting 
Space Station Freedom Level III subsystem managers, and focusing the discussion of 
the participants. In each discipline session, presentations describing status of the 
current programs were made by the Level III subsystem managers and by OAST 
program managers. After invited presentations by leading industry, university, and 
NASA researchers, the sessions were devoted to identifying technology 
requirements and to planning programs for development of the identified 
technology areas. Particular attention was given to the potential requirements of 
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the Human Exploration Initiative (HEI). The combined inputs of the participants 
in each session were incorporated into a package including an overall discipline 
summary, recommendations and issues, and proposed development plans for 
specific technology within the discipline. These technology discipline summary 
packages were later supplemented by the chairmen and their panels to include the 
impact of varied funding levels on the maturity of the selected technologies. OAST 
will review the program plans and recommended funding levels based on available 
funding and overall NASA priorities and incorporate them into a new OAST 
initiative advocacy package for space station evolution technology. 

These proceedings are organized into an Executive Summary and Overview and five 
volumes containing the Technology Discipline Presentations. 

The Executive Summary and Overview contains an executive summary for the 
workshop, the technology discipline summary packages, the keynote address, 
"Mission Requirements and Evolution Scenarios", a presentation on the "Space 
Station as a Transportation Node", and a discussion of the "Importance of 
Automation". The executive summary provides a synopsis of the events and results 
of the workshop, and the technology discipline summary packages are as described 
above. In the keynote address, Dr. William B. Lenoir, Associate Administrator for 
Space Station, discussed the significance of the space transportation/space station 
infrastructure as the first steps towards the future of mankind in space. The 
"Mission Requirements and Evolution Scenarios" were described by Dr. Earle 
Huckins, III. "Space Station as a Transportation Node" was Dr. Jeffrey Rosendhal's 
description of the status of the Space Exploration Program. Finally, in the 
"Importance of Automation", Dr, Henry Lum explained the significance of systems 
autonomy for space station operations and evolution. The appendices to this 
volume include a final workshop agenda and a list of attendees. 
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EXECUTIVE SUMMARY 


INTRODUCTION 

For the next 30 years or more, Space Station Freedom (SSF) will be the keystone of the 
space infrastructure. It will serve as a facility for advancing space science, a laboratory 
for space technology development, a manufacturing process laboratory and pilot plant, 
and a servicing center for spacecraft. Most importantly, it will serve as the training 
ground for men and women to operate in the space environment with increasing self 
sufficiency for long periods of time, and it will ready them for human exploration of the 
moon and Mars. Eventually, it will evolve into the transportation node -- the way 
station - for those journeys. 

The necessity to fulfill these functions places novel and difficult constraints on the 
spacecraft’s designers. For its lifetime, the space station will have to be maintained on 
orbit. Starting as a multipurpose facility, its primary functions may change over the 
years; it will have to adapt to new requirements and to change and grow in size and 
capability. 

Therefore, it is of prime importance that all space station systems be designed to be not 
only easily maintained with original spares, but also transparent to advanced technology 
and capable of expansion. The importance of advanced technology, to be developed 
hand in hand with the spacecraft design, cannot be overemphasized. 

The objective of "Technology for Space Station Evolution - A Workshop" was to drive 
out the requirements and the technologies that would enable the space station to: 


become more maintainable, safer, and more capable and 

evolve into the first and key element of the space exploration missions. 


APPROACH 

Eleven parallel workshops were organized along the lines of space station systems and 
elements as follows: 

Attitude Control and Stabilization (ACS) 

Communications and Tracking (C&T) 

Data Management System (DMS) 

Environmental Control and Life Support Systems (ECLSS) 

- Extravehicular Activity/Man Systems (EVA/MANSYS) 

Fluid Management System (FMS) 

Power System 
Propulsion System 
Robotics 

Structures/Materials 
Thermal Control System (TCS) 

The workshops were chaired by senior experts in the technology disciplines, and the 
requirements were presented by space station system/element managers. The 


5 


:f ft • H I 


PRECEDING PAGE BLANK NOT FILMED 



workshop included participants from NASA centers, industry, and universities who were 
either associated with the space station organization or otherwise recognized 
technology discipline experts. 

THE PLENARY SESSION 

The topical workshops were preceded by a plenary session led by the Associate 
Administrator for Aeronautics, Exploration, ana Technology, Mr. Arnold Aldrich. Mr. 
Aldrich emphasized his organization's commitment to advancing technology to enable 
the President's Space Exploration Initiative. The keynote speech delivered by Dr. 
William Lenoir, Associate Administrator for Space Flight, detailed the importance of 
the space transportation/space station infrastructure that will be the first major step 
towards the future of mankind in space. 

The Director of the Space Station Freedom Program, Mr. Richard Kohrs, followed with 
a description of the ongoing space station program. Of particular importance to the 
workshop was his insight into some technology issues and challenges. These issues, 
listed below, received serious consideration in all topical workshops: 

design of the attitude control and stabilization system which must enable 
the partially completed space station to remain in orbit; 


designing the communications and tracking system "right the first time", 
since it will be difficult to change; 

the large size of the data management system which requires new 
approaches to the development and verification of software; 

potential problems arising from the decision to leave the oxygen and 
carbon dioxide loops of the life support system open until assembly 
complete; 

the need to reduce the EVA man-hours currently projected for 
maintenance; 

the challenge to ensure adequate redundancy in the fluid management 
system; 

the amount and source of power (photovoltaic vs. solar dynamic) and the 
need to maintain hooks and scars for growth; 

potential resupply problems arising from the change to hydrazine for the 
auxiliary propulsion system; 


defining the requirements for the Flight Telerobotic Servicer; 

design and operational challenges to minimize effects of the 
micrometeoroid and debris environment, as well as those of shuttle 
docking and plume loads, on the structure; and 

development of the two-phase thermal control system. 
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Dr. Earle Huckins discussed current space station evolution scenarios. The status of 
Space Exploration Program planning was presented by Dr. Jeffrey Rosendhal, who 
followed Dr. Huckins. The plenary session was concluded by Dr. Henry Lum, who 
impressed the importance of systems autonomy for operations and evolution on the 
workshop participants. 

THE TOPICAL WORKSHOP SESSIONS 

After three days of debate and deliberation, the participants gathered again for a 
concluding session and presented the results of the topical workshop sessions. 

Attitude Control and Stabilization 

The guidance, navigation, and control system of SSF will have to handle spacecraft 
build-up beyond the baseline. Evaluating the evolution scenarios, the workshop 
participants concluded that advanced control system strategies are necessary to cope 
with the uncertainties in the orbital environment and dynamically changing spacecraft 
configurations resulting from docking, build-up, and changing or shifting payloads. The 
technology development areas identified as key to the solution are: 

attitude control technologies for multi-user accommodations, 

flexible body dynamics and controls, 

computational control techniques, and 

technology for autonomous rendezvous and proximity operations. 
Deliverables should include: 

a proof-of-concept design for an integrated on-orbit flexible body and 
disturbance identification subsystem, including hardware such as a 
distributed fiber optic sensing system and software containing advanced 
modal selection and model reduction methods and 

prototype relative navigation sensors integrated with GN&C algorithms, 
trajectory control and collision avoidance techniques, on-board flight 
planning, and orbital placement and transfer techniques. 

Communications and Tracking 

The Space Station Freedom will evolve to become the hub of a sophisticated 
communications network that will require a multiple access system to provide 
numerous simultaneous links between various spacecraft operating in different zones. 
This will include proximity, space-to-ground, space-to-space, and potentially space to 
the moon or Mars communications. 
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The technology areas that have been identified as contributing highly to evolutionary 
performance and safety improvements are: » 

optical communications and tracking, 

monolithic microwave integrated circuit (MMIC) antenna systems, 
traveling wave tube technology, 
advanced modulation and coding, and 
advanced automation for C&T. 

Deliverables would include: 

demonstration of long life, high modulation rate, high power laser 
transmitters and extremely high sensitivity optical receivers, 

demonstrations of Ka-band MMIC antenna system components, two 
dimensional fast scanning rate Ka-band phased array antenna, and 
conceptual design of an on-board millimeter wave orbital debris tracking 
system, 

analysis and selection of optimal modulation schemes to provide 
enhanced data rates, and 

demonstration/simulation of autonomous system for selected C&T 
functions. 

The workshop also identified several baseline technical issues, including the expected 
interference of the SSF multiple access system with the Ku-band. Secure Ka-band 
allocation with SSF as the primary user was recommended. Baseline insertion of high 
rate fiber optics was also recommended to enable accommodation of the high rate data 
transmission requirements that are anticipated as the station evolves. 

Data Management System 

The SSF data management system is larger and more complex than any system 
previously developed. It will have interfeces with all ether station systems, as well as 
with all user payloads. The users' requirements exceed the planned capacity even in the 
early stages, and it is expected that the demand for higher data rates will necessitate 
growth soon after mature operations commence. 

Technology needs include: 

improved performance of embedded data processors, 

improved mass storage, 

evolutionary integration of multicomputers, 
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increased bandwidth of existing fibers for on-board communications, 

expanded software support environment (SSE) and guidelines for 
verification, and 

3-D display technologies for improved human interface. 

Several specific technologies were recommended to address various aspects of 
improving and growing the system. The major concern, however, was adopting an 
integrated systems approach to ensure successful system operation. 

Environmental Control and Life Support System 

At Assembly Complete, the SSF ECLSS will recover potable water via the humidity 
control system, regenerate the hygiene and urine water, and regenerate oxygen from 
carbon dioxide. Further technology advances will be necessary for long term and 
efficient operation of an ECLSS that could be utilized for human exploration missions 
to the moon and Mars. The highest impact technology areas were identified as: 

crew generated wastes (trash, feces, and brines) processes and 
reclamation, 

regenerable water reclamation pre- and post-treatment to eliminate 
expendable chemicals, 

simplified waste water processing, 

improved trace contaminant removal, and 

real-time microbial analysis of water. 

Deliverables will include breadboard level components and subsystems and 
documentation. The payoff will be in lower resupply and returnable weight and 
volume, improved crew health, and higher maintainability. 

The workshop also identified baseline technical issues. It was recommended that 
increased emphasis be placed on systems analysis to identify the highest payoff 
subsystem technologies and on system automation with concomitant sensor 
development. 

EVA/Man Systems 

Increased crew performance on SSF will be one of the key elements that can lead to a 
successful exploration mission to the moon or Mars. Technology advancements will be 
necessary to decrease the crew's time spent on routine tasks without diminishing their 
skills needed for emergencies, increase the efficiency of acquiring new mission-related 
skills, and provide an environment that improves motivation required for excellent 
performance. The high-payoff technology areas identified at the workshop are: 

crew-systems interfaces and interactions, 
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training, 

maintainability and supportability, 

habitability and environment, and 

computational human factors/analysis tools. 

Technology products recommended include: 

3-D auditory displays, reliable and flexible speech recognition and 
production systems, direct manipulation input devices, and virtual 
workstations; 

Al/expert systems providing automation transparency, easy operator 
intervention, and robust dynamic task allocation capabilities; 

embedded training techniques for systems and payloads; and 

demonstrations of advanced ORU concepts, systems interfaces 
accommodating humans and robots, and inventory management systems. 

Fluid Management System 

Fluid management has been identified as one of the enabling technologies for space 
exploration. The evolving SSF fluid management system can, therefore, serve as a 
testbed to answer many of the key questions in this technology area. 

The major areas of emphasis have been identified as: 

subcritical cryogenic storage and transfer, 

fluid handling, including liquid slosh dynamics and liquid 
dumping/venting/ emergency relief, and 

component and instrumentation for fluid sampling/species identification, 
leak detection, and on-orbit calibration. 

Deliverables are subcomponents, components, and subsystems that are ground and 
flight validated and lead to: 

system performance data and validated analytical models that provide 
design criteria. 


Pfiwgr 

The Space Station Freedom Program has chosen a photovoltaic power system with 
nickel-hydrogen battery energy storage and a 120V DC power distribution system. This 
is the only system for which a growth option is provided in the baseline, i.e., solar 
dynamic system development can be accelerated to meet increased power requirements 
if necessary. 
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The workshop identified the following areas for evolutionary growth of the photovoltaic 
power system: 


advanced, more efficient solar arrays to reduce mass and increase 
performance, and 

increased autonomy to facilitate power sharing among multiple users. 

The preferred growth option, solar dynamics, would benefit primarily from technologies 
leading to more efficient, lighter weight receivers and thermal energy storage. 

Technology products to be delivered in this area include: 

production-ready advanced solar cells (such as the 19% efficient 
GaAs/Ge cells), 

verified 60,000 cycle (ten year) lifetime nickel/hydrogen cells, and 

data packages and subscale hardware that facilitate the design of the 
receiver/thermal energy storage system. 


Propulsion 

The space station baseline includes monopropellant hydrazine thrusters for backup 
attitude control and reboost, aided by resistojets utilizing waste gases from the ECLSS. 
The evolution scenario calls for the modular propulsion system to be replaced with a 
hydrogen/oxygen system. 

Workshop participants called for plans for advanced hydrazine, as well as storable 
bipropellant, propulsion systems. They concluded, however, that the major emphasis 
should be placed on advancing the hydrogen/oxygen systems as rapidly as possible, 
since no other technological improvement in the propulsion area could equal the 
logistics resupply and fluid management integration payoff of the hydrogen/oxygen 
system. 

The following technologies have been pinpointed as critical: 

high pressure water electrolysis that would allow propellants to be 
manufactured on orbit and 

waste fluid disposal, including advanced resistojets, arcjets, vaporizers, 
and gas compressors. 

Deliverables include: 

preprototype or prototype components and 
flight demonstrations, as needed. 
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Robotics technology will be a vital factor for the successful and productive operations 
on Space Station Freedom, as well as for any space exploration scenario that will be 
implemented. The Mobile Servicing System supplied by Canada and the Flight 
Telerobotic Servicer are both part of the Space Station Freedom Program. The need 
for advanced technologies in this area is indisputable; however, the problem is in 
applying engineering and management judgment to concentrate resources in the right 
directions. 

The workshop identified four technology categories: 

cross cutting and systems wide research, including systems engineering 
processes for integrated robotics, man/machine cooperative control, ana 
three-dimensional, real-time perception; 

advanced research in selected, critical areas; 

application-specific research; and 

"other", which includes primarily a constant, vigilant oversight of the on- 
going program. 

The workshop participants laid out program plans and deliverables, as requested. It 
does, however, Deg the question as to whether, with such a vast technology area, it is 
meaningful to pinpoint components for development without first performing a detailed 
systems engineering evaluation of the entire space station operations ana evolution 
scenario. It is suggested, therefore, that processes for systems engineering and 
continuing oversightbe established before specific technology development plans are 
defined. 

Structures/Materials 

The features that distinguish Space Station Freedom from any other spacecraft are: 
its assembly on orbit, 
its lifetime, and 
its physical size. 

These attributes make advanced technologies in space construction, space-durable 
materials, and controls/structures interaction mandatory aspects of any R&T program 
aimed at the growth of the space station and space exploration. 

SSF is going to be the first spacecraft assembled on orbit, but not the last. Present 
plans call for assembly by EVA; advanced research must find ways to deploy structures 
or erect them robotically, as well as find new assembly methods, such as mechanical 
joints or welding. Freedom will have to serve as a testbed for controls/structures 
interactions, since the dynamics of the structure with flexible manipulators, interactions 
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of on-board fluid dynamics with controlled assemblies, the limitation and alleviation of 
dynamic loads, and management of microgravity levels cannot be modeled at this time. 

Advanced technologies should include structural and mechanical concepts, 
environmental inspection and repair techniques, and analysis methods to ensure 
structurally robust long life and evolution of the space station. Materials technology 
must include environmentally tolerant materials and material systems for space 
applications, as well as processes for on-orbit repair and NDE methods. 

The workshop participants identified a number of important issues: 

future in-space construction must minimize EVA; 

the dynamics of station and the performance of attached controlled 
payloads and manipulators will become increasingly complex as station 
evolves; 

materials databases for space applications and on-orbit NDE science are 
poor; and 

ground-based environmental simulations and test methods are 
inadequate. 

The recommendations to alleviate these problems include: 

developing and demonstrating in space the proper mix of EVA, robotic, 
deployment, and modular assembly technology necessary for EVA 
minimization; 

developing a well-verified modeling capability for the dynamics of the 
evolving station; and 

acquiring improved structures input to the development of proposed 
configurations for growth. 

Thermal Management 

The present baseline calls for pumped-loop cooling internal to the pressurized modules 
and for two-phase heat transport and radiators externally. The large capacity two-phase 
thermal management system is not yet fully developed, and several flight experiments 
are planned. 2 the demand for increased power is one of the first evolutionary steps as 
expected, heat rejection capability will have to grow concurrently. 

The major issues identified with utilizing the baseline technology for evolution and 
growth are: 


an unacceptable increase in radiator sweep volume, 
increased EVA time, 

orbiter manifesting penalties associated with the weight and volume, 
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operational ground support, and 
maintenance and repair operations. 

The workshop participants identified key technologies necessary to evolve the thermal 
management system to: 

decrease the heat rejection system size, 

- increase capability for heat acquisition and transport, 

assemble external components robotically, 

monitor, control, and detect and isolate faults autonomously, and 

develop essential analytical tools. 


SUMMARY 

Certain overriding themes emerge from a review of the stated goals and the results of 
this endeavor. There is no doubt that, in a technology development program focused 
on space station evolution leading to space exploration, the highest priority 
technologies must be those related to human performance. 

Many topical workshops called for increased systems autonomy, including fault 
detection and isolation, to enable the crew to spend more time on non-routine tasks. 
Hand-in-hand with these recommendations go the almost unanimous requirements for 
more maintainable components in every subsystem and for robotics to decrease EVA 
time, aid the crew in external maintenance, perform additional construction tasks, and 
aid in the placement of payloads. A significant aspect of both of these technologies is 
the need for advanced man/machine interfaces. 

Another important aspect of human performance is the requirement for advanced, 
closed-loop life support. Commitment to long-duration, manned space exploration 
missions can be made only if a truly closed life support system including trace air and 
water contaminant monitoring and control has been thoroughly tested on Space Station 
Freedom . Life support system technologies, such as on-board processing of brines and 
solid wastes and the development of regenerate contaminant control subsystems, are 
also tied to the need to reduce operational costs by reducing the required logistics 
resupply. An essential advanced lire support system component is a water electrolysis 
subsystem, which would regenerate oxygen from surplus water. This component could 
also be used for generating fuel on orbit for an advanced propulsion system, thereby 
cutting logistics resupply weight. 

Another category of critical technologies is coupled to the requirement for physical 
growth of the space station to accommodate transportation node or satellite servicing 
demands. This category is control/structure interactions, and the priority is to learn to 
control the spacecraft structure under constantly changing and shifting load conditions. 
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Advanced fluid management technologies, including cryogen transport, storage, and 
handling, will also benefit the evolutionary space station. These advances will enable 
the life support and propulsion systems to be synergistically integrated and will 
significantly reducie logistics resupply costs by using water to manufacture hydrogen 
and oxygen on orbit and by permitting nitrogen to be transported in the cryogenic, 
instead of supercritical, state. The space station as a testbed for cryogenic fluid 
management will be of major importance as Freedom evolves into a transportation node 
for space exploration. 

This workshop has been the first of many steps required to derive a plan to maximize 
the benefits of advanced technology for space station evolution ana growth. It was, 
however, an important and productive start that will pay off in major contributions to 
the low Earth orbit infrastructure that this nation is building. It will help us achieve our 
goal of extending human presence beyond our planet and will help Space Station 
Freedom to reap benefits for science, technology, and commerce and to become a way 
station to the worlds beyond. 


yjdj ^ *>4 

^f.Vudith H. Ambrus 

Acting Assistant Director for Space Technology (Space Station) 
General Chairman 
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dynamic interactions and disturbances resulting from the planned concurrent use of the station by 
multiple users for assembly of Lunar/Mars vehicles, Earth/space/microgravity payloads, etc., will limit 
the utility and operational performance of the evolving station. 
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integrated circuit antenna systems, traveling wave tube technology, 
advanced modulation and coding, and advanced automation for communications 
and tracking. Several issues have also been identified which deserve careful 
consideration: debris tracking (safety and operations), frequency allocation 
(ku-band interference), and higher data rates (user need accomodation). 
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have been insensitive to these requirements. Optical technology enables practical 
high data-rate systems and promises to enable high spatial resolution tracking. 
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range (2000 km) operations are candidates for MMIC insertion. The need for power control on return 
links of the multiple access system has also been identified. Finally, sub-microsecond scanning phased 
arrays for orbital debris tracking will require millimeter-wave integrated circuit technology. 
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option necessitates relaxed performance and eliminates peripnerais; 

2. Analysis of prospects, technology readiness, and feasibility of 60 GHz link capability 
for Space Station Freedom. (Requires moderate funding level) 
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2. Laboratory breadboard demonstration of modulator/demodulator critical functions. (Moderate 
funding option does not permit parallel approach development) 
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RECOMMENDATIONS: 

1 . Continue/expand (optical/radar) studies of debris distribution 

2. Develop precision onboard optical/millimeter wave debris tracking system 

3. NASA should pioneer efforts to minimize additional debris 
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1. Secure Ka-band allocation which designates NASA as primary user 

2. Develop necessary Ka-band monolothic microwave integrated circuit and antenna 
technology. 
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1 . Insert high rate fiber for initial Space Station to accomodate existing and 
anticipated traffic 

2. Transition into optical crosslinks and downlinks for advanced TDRS systems 

3. Pursue advanced modulation and coding techniques to permit data rate growth 
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. BUILD A PROTOTYPE SYSTEM WHICH COMBINES CASE TOOLS WITH A LIBRARY BROWSER TO 
SERVE AS A DESIGNER’S AID COUPLED TO A REUSE LIBRARY, 
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. DEMONSTRATE A NON-FIBER COMMUNICATION SYSTEM THAT INCREASES THE DATA RATE 
CAPACITY. 



TECHNOLOGY FOR SPACE STATION EVOLUTION 

- A WORKSHOP 



82 



h” 

LJJ 


O 

> 

LU 

Z 

o 

H 

£ 

CO 

HI 

o 

< 

CL 

CO 

QC 

o 

LL 

> 

o 

o 

d 

z 

z 

o 

LU 


CL 

o 

X 

CO 

* 

X 

o 

< 


0 

LU 

X 

CO 

CO 

CO 


6c 

D 

Z 

LU 


o 

o 

LU 

DC 


LU 

fc 

% 

Q 

LU 

< 

DC 

0 

LU 

t— 

Z 


< 

CO 

< 

LL 

CO 

CO 

I 

o 

o 

DC 

CL 

CL 

< 


CO 

z 

0 

1 


5 

o 

o 

< 

z 

o 

CO 

CC 

LU 

CL 

DC 

LU 

I- 


DC 

LU 

t 

LU 

CD 


CO 

I— 

z 

LU 

2 

LU 

o 

CC 

2 

Z 

LU 

_J 

O 

DC 

H 

Z 

o 

o 

o' 

DC 

< 

O 

z 

f 

CO 

Q 

LU 

LU 

Z 


§ 

Q 

DC 

0 

LU 

H 

Z 

2 

LU 

h“ 

CO 

>■ 

CO 

UJ 

_J 

Q_ 

!□ 

ID 


Q 

LU 

LU 

Z 


CO 

LU 

ZD 

CO 

CO 


LU 

2 

LU 

DC 

Y— 

LU 

CC 

2 

LU 

H 

CO 

>~ 

CO 


O 

Q 

CO 

O 

o 


< 

O 

DC 

LU 


O 

O 


z 

o 

I- 

X 

_l 

o 

> 

LU 

DC 

O 

CO 

CO 

LU 

o 

0 

DC 

CL 

H 

1 
0 
_i 
LL 


Q 

LU 

CO 

CO 

X 

O 

CO 

Q 

(5 


m 

3 

<5 

z 
O 
CO 
DC 
UJ 

UJ — 
■5 U_ 


Q 

DC 

S 

CD 

Z 

O 

l— 


LU 

o 

5 

CL 

LU 

DC 

_l 

UJ 

> 

LU 

-I 

X 

CC 

CO 

DC 

2 

3 


< 

I 

co O 

^ m 

cc 
O 
z 
O 


Q 

2 
5 

o to 

2 " 

CO 


CO 

CO 


o 

DC 

CL 

< 


LU 

O 

3 

CL 

LU 

LD 

Q 

5 

0 

CL 

X 

3 

< 

e 

z 

O co 

F * 

< 2 

Q _J 

O LU 

U 

O X 
O 0 

< X 

Si 

2< 


col 

UJ 

H 


I— 

X 

o 

CL 

CL 

O 

CO 


0 

I- 

0 

UJ 

I- 

Q 

LU 

h- 

Z 

LU 

2 

0 

x 

< 


LU 

I - 

0 

>- 

0 

0 

X 

0 

I- 

z 

? 

0 

0 

0 

< 

LU 

o 

z 

< 

z 

LU 

H 


83 


• OVERLAY OF DATA AND VIDEO, MIXED GRAPHICS, DIGITAL HDTV, ANIMATED GRAPHICS 




84 



m 


N93-27858 


as 

o 

H 

p 

P 

O 

85 

O 


H ft 
< O 

h « 

<» S 

w a 

Q PS 


ft 

m 

ps 

o 

ft 

>* 

o 

o 

p 

o 

£ 

S 

Q 

ft 


O 

£ 


ft 

h 

co 

co 

E* 

ft 

O 

ft 

& 

P 

co 

m 

ft 

3 

p 

J5 

< 

P 

O 

ft 

& 

o 

Q 

>P 

< 


ft 


85 

2 

ft 

M 

> 

ft 


o 

05 

as 

4*b 

05 

rH 

>< 

PS 

c 


< 

*3 


S5 

C 


PS 


PS 

ft 

I 

ft 

Q 

< a 
s o 

4* S* 

>< fa 
C fa 

« Q 

* -^C 

ft s 

CO c» 
ft ft 

PS < 

< a 

a SS 

q a 
< 


85 

PR£@®!NG PA<3£ BLANK NOT FILMS) 




TECHNOLOGY FOR SPACE STATION EVOLUTION 

-A WORKSHOP 


Q. oj 

3 © 

CO — ^ 

CO 10 

£ © 
-H 

CO CO 
_ CO 


CO 2 
3 <D 

© S 

> © 

CD D) 

T 3 $ 

5 ® 
o 
c p 

E S 

Q.ZZ 
o © 
go 

5 "o 

■o o 

c CL 

0)3 

'i © 

■g 

CD *£. o 
jc O S 
vfl) 

<0 o' » 
cd <D x: 

■O > CO 

■§ 8 g 

8 £3 

t6S 

Oh- O 
5= cr - 

CD P tO 
CD Q) 

•52 tJ c 

F >*'£ 

I — tO JD. 


T 3 

P T3 

CO (D 

&**. X$ 


§ 2 


fl) C O n't ° flS >,~D 
■g © Q- S ? S? & CO P CD 

^©OXlcCO^OOg 

s«®slss®2^3 


-?|g ® g § 8 ® 

O .M* m O X JD ^ tss 

ffl « A C X* 5 (1) 

$ CO O Q- E o 'F to 
ScOjoO(TJ^g>3£ 

^ .£ co .to © *_, '5 .1 J? e 5 

^©^-js.pcplDOC^ 

gas * § § >-® = 8 

o <0 to p X3 <-. -Q xi w 0 

2 5 f § 2 o) © eg co >» 

o «=??§ ® S-g 1 ® = 

m®S'wS-09o-29 

■S^Sf 111 8 £ 

Si S8.s>| £ f *-P 

■s'Sl ®s-9 &5.S-.B 


X CD o Q. 

| c-P £ &-2 or 2 

oEotoco^cO—c 

So© ra -k W -r ♦- n 5 


r, 2 3 I -to g •> ■£ g o . 
©3 ©>-n C CO(D/Tt©' 
PP^©s"0Wc OT O 

'rrt © "i O © <D IE © -3 

© o 0 .E Q. 0 0 ■£$ QJ ■ 

S. , sc^o9‘o®® k " 

V. P .2 03 S <0 CD © ^ 1 

P-TD OJ O) 3 © it: Q 10 5 
©COCCT II Ov- 

121 f 5 -ll§l 

* §>< ! s s .f ■§ §3 

© v'xd © ° ■© T3 ’<0 g 5 © 

©°m^_©T 3 <'-©.© 

2 © tt TS T3 2 © -IS JZ ^ ' 
^t.2 S £ c o 2 jc. 
(R 0-5 2 SL to "So £ 2* a> 


j; ro 

T3 >% 


« 81 §>©>§ g © p 

S’Sli | © *2*8 | 

S9!2^“8-?8* 


>wc£co-ogx:g-o 
© © o -e S c 2 0 H c 
Q esc ^ a)£5 cits 


86 


Requirement - Crew trash and ECLSS waste can be as high as 6-8 Ib/man-day. This represents a 

significant storage or return-to Earth logistics problem. Waste processing has the 
potential to reduce this penalty while providing useful products such as water , N 
and CO 0 . * 



TECHNOLOGY FOR SPACE STATION EVOLUTION 

- A WORKSHOP 


CO 

KJ 

Co 

1 

§ 

S 


8 

3 

I 

I 


18 

03 CO 

«S3 

§8 


BJ 

§ 

I 

§ 

o 

-j 


P 

Uj 

K 


1 

S: 


h- 

1 


Uj co 


c 

<0 


E 

2 

o 


0 

M to 

<0 "O 
JS^TJ 
0 C 


"O 

C 

0 

m 

‘0 


to 

CO 

"G 

o 

CO 


•X 

o> 

3 

o 


>v3 

$ 0 
C _Q 

CO __ 


.52 3 


O o>-5 


o 

O) r _ _ 

/a O) 25 
CO 

■ CD 

±= P £ B 

°lf 

C o 


“O 

c 

CO 

03 

c 

c 

03 

CO 

CD 

G 

03 


C 

5 ..E 

o 


o 

c 


CD 


o 

CD 

+-* 

3 

co 

-g 

X3 

c 

co 

o 


o 2 

03 O 
C _Q 
F CO 


> 

03 

TJ 


CD 

CO 

CD 

x: 

H 


co 

0 

‘■D 

3 

» 

CO 


CD ™ 


t 

3 


CO 

0 

TJ 

3 

■+-* 

CO 

o 


o 

0 

T3 

"O 

O 

0 

"co 


“O 

CD 

CO 

3 

CD 

XI 


03" 

s C 

<0 

■2 

CO 

o 

jQ 

•o 

CO 

CD 

W. 

-O 

03 

JC 


x: 

g 

Lc 

$ 


03 

«♦**» 

co 

co 


$ 

T3 


CD 

>>-Q is 

O = © 

°1 £ 

> /T< 


03 

5 

03 

03 


C 

03 

03 

U 

o 

co 

03 

JC 


c 

°03 

03 

XI 

I 

t 

o 

0 

03 


CO 

0 

G 

3 


0 

8 

CO 

I 

0 

E 

CO 

"0 
C 

CO = 

© £ 

>n © 

03 T3 

£ 


T3 

03 


(0 ,-S 

CD © 
<2 © 
© T3 


CD 
CO 

■g 

T3 
c 
CO 

j? CD 

.E jC 

.52 H 

£ p 

2 § 

5MS 


E 

o 

u 

N- 

co 

3 

CO 

0 

DC 

co 

0 


0 

o 

£3 

T5 

0 

2 

XI 

-O 

0 

N 


0 

c 

0 

E 

0 

»hz 

“3 

cr 

0 

w, 

0 

fi 

3 

o 

0 

0 


0 

JC 

-*™p 

0 

0 

“O 

0 

o e 

0 


0 

^"O 

0 


X3 

0 


0 

T3 

0 

> 

Q.C0 
O XI 


EP 


c 

0 

0 




0 _ 

0 

0 

03 W 
O 


CO « „r-52 
03 
•D 
O 

E 


X> 

CO 


c 

CO 

E 


CO 

o 

E 

o> 


E ■© 

S £ 

Q, CO 
>» O G 
*®T3 


8 


f •- 

CD -G 
CO 


T3 

CD 


J3 

c 

CD 

E 


CD 

Q. 

X 

CD 


2 

_ © 

i — «+-» 

r— — 


0 

0 

03 

O 
O 

c _ 

JZ o 

g JS 

is 0 


03 

C 

o 

-2 

0 

0 


o 

0 


0 

<a 

0 

X3 

0 


X> 

3 

0 

“E 

0 

0 

XI 

"O 

0 

0 

w« 

XI 

0 

03 

C 

1 

'k_ 

JD 

CO 




0 

0 

c 

o 

CO 

co 

3) 

CD 

o 

c 

CO 


CO 

0) 

TS 

d. 

o 

03 

5) 

■a 

o 


c 

< 

3 

03 


CO 

CD 

CO 

CO 

0 

ik- 

03 

o 


0 

s 

0 

G — 
■F « 0 


3 

© 

T3 


§ 

=3 

■o 

O 


03 

O 


"O 

0 

CO 

0 

0 

-Q 


O 
t 
0 = 
CL 5 


T3 

0 

« 4 ~» 

0 

0 

«*«■» 

0 

XI 


G 

0 

E 

CL 
O 

0 
> 
0 
£ T3 


G 

O 

0 

E 

0 

o 

0 


JS 

% 

2 

CL 

a. 

< 


0 
0 

co" 

3 

0 

0 

* 4 ”« 

0 

0 

h-* 

| 

0 

ID 

% 

1 

0 

T3 

0 


03 

>sL 

c 

.0 

£ 

c 

0 

E 

3 

o 

o 

■O 


4S T5 CL^ 


C 

0 

E 

CL 

O 

0 

0 

Q 


8 

0 

0 

XI 

2 

0 

> 

sm 

0 

Q 


87 



TECHNOLOGY FOR SPACE STATION EVOLUTION 

- A WORKSHOP 




(0 

<D 

> 

"<5 

o 

0) 

mmtm 

SJL 


88 


Technology 

Start 



TECHNOLOGY FOR SPACE STATION EVOLUTION 


Q. 
O 
X 
G 0 
* 
X 

o 

< 


5 

£ 


I 

pc 

B 

1 


K 

§ 

g 

5 

E 

I 

§ 

jy 

E 


§ 

o 

o P 

O £ 


-J 

5 

I 

£ 

5 

§ 


CO 

K 

I 

B 

-j 


■o 

c 


D> 

.X 

8 

m 


~o 

c 

03 

c 

CD 

E 

03 

2 

s 

Cl 

CD 


_CO 

8 

I 

CD 

sz 

o 

0) 

"O 

c 

CD 

CL 

X 

CD 

CO 

CD 

CO 

3 

CD 

C 

© 

© 

xs 

o 

13 

w 

CD 

o 

CO 


© 

JQ 

CO 

XJ 

§1 

9-8 

LLJ © 
• X> 


C 

© 

E 


© •& 


© 

C Vt 

2.5 
E .S 

© E 

0 u. 
O 

© 


"O 

c 

© 

©" 

c 

© .2 


o 

CL 


CO — 

&?4l 

S raw 
2c© 
■*- '■*= > 

2 •§ 'S 

8- s i 

»_ © © 

P-2 © 
© N 


© 

"o> 

>* 

sz 

~o 

c 

© 

© 

XJ 

I 

Ql 


© 

© 

© S t> -K 


© 

.N 

IS 

© 

to 


© 

c 

o 

■J-j 

XI 

"§ 

© 

g 

o 

o 

IS 

XI 

G 

© 

W 

■O 

© 

X3 


£ 

■e 

3= 

© 

© 

s 

H— 


1 

2 
© 
-C 

O 

T3 

C 

© 


© 

1 

I 

CO 

c 

o 

E 

© 

XJ 

X 

c 

© 

X 

© 

ts 

© 

© 

© 

© 

X5 


8 

JC 

0 

C 


(0 

0 

CO 

(0 

CD 

o 

p 


c 

0 


CO 

CD 


Ogu 

s 

co 

3 
X 
O 


CO C ■§ 


G 
© 
x 

o“ £== 


CL CD 

0)£ 


© o 
E 

C Q_ 


Q. 

© 

G 

© 

O) 

>. 

.c 


X 

C 

© 

w 

© 

w 

w 

© 

o 

o 


w 

© 

w 

© 

© 

o 

s 

Q. 

© 

13 

g 

X 

c 

© 

O 


© 

0 

a 

x 

c 

© 

1 

0 


0 

I 


2 

o 

© 

W 

© 


w 

© 

X) 
© 
XI 
G 
© 
Q. 
X 
, © 


_j © 

£l 
■E § 

p © 

§i 

:£ a- 
©I 

2 o 
xii- 


© 

13 

© 

n 

© 

o 

a. 


I 

© 

a. 

o 

$ 


l 

© 

© 

> 

'3 

O 

© 

x* 

O 


jS © 

•£ sz 

W CO 

CD 

© >. 
w & 

© c 

8.2 

G O 

°Lt£ 

V CD . 

g *8 

E © 3 

« §1 

III 

■*— 

W Jr -p 
O © F 
Q- CO 13 

?* £ 
s 

21 & 
a. x 3 
© © 

E £ 


© 

> 


© "]2 w 

c £ o 

2 © .© 
© ® D) 

oifE — 

c x -q 

‘8-|§ 

■SfiS 

51$ 

x c — 

8 E Q 

t4|S 

aii 

®ii 

H © £ 


I 

© 

© 

c 

o 

<3 

cc 


89 



TECHNOLOGY FOR SPACE STATION EVOLUTION 


Q. 

o 

CO 

* 

DC 

o 

< 


0 
P- 

S 

1 

fC 

Hi 

i 


h- 

1 

I 

li 

§ 

I 

UJ 

£ 


§ 

h 

O K 

O Cp 

-J 

5 

S 


o 

cc 

g 


CO 

h> 

I 

CO 

£ 


c 

0 

CL 

£ 

2 

o> 

o 


to 

CD 

CO 

CO 

CD 

o 

2 sz 

CL O 


CO 

0 

CO 

1 

r ? 
to o> 
o 
a. 


c 

CD 

£ 

to 

CD 


CO 

CD 

CO 

<0 

CD 

o 

2 

CL 

CD 

CO 

■D 

T3 

C 


I 8 


C 

CD 

E 

CL 

O 

CD 

S 

13 


13 

C 

CO 


JC 

CD 

3 

O 


<D £ 

CL CO 
CD 


CD 

2 

2 
■*— > 

■O 

S 8 


CD 


CO 

o 

iS 

-O 

CO 

CD 


CO 

0 

v_ 

CO 

5 

2 

CO 


<D 0 
1 £ 
CL <D 
2 ^ 


to 

CD 

CO 

CO 


(O 

<0 

CD 

o 

o 


CD 

.E 

0 

«2 
CO 

X3 CL 
03 CD 

to 

c 


to 

CD 

"O 

o 

E 


CO 

X 

CD 


2 

CL 

03 
C 

'to 

E 

* i. 


CD 

CO 


It £> 

C ’-P 
CO C 
3 CD 

O 2 


8 

CO 

c 

CO 

CL 

O 

CD 

> 

CD 

Q 


<o 

o 

E 

t5 

o 

CD 

C/) 


Q 

c 

CD 

JQ 

to 

CO 

CD 

CO 

CO 

CD 

O 

P 


CD 

N 

Vmp 

0 


to 

0 

CL 

T3 

C 

CO 

1 

0 

»_ 

CL 

CL 

0 
0 

1 

13 

“O 

C 

CO 


o 

g o 

CO 2 
-C CD 

O if) 


(O 

to 

CD 


CO 

N 

'u 

0 

1 

CO 

o 

CD 

O 

c 

CO 

E 

0 

CL 

2 

CO 

o 

-O 

"cO 

0 


O 

3 

•a 

c 

o 

O 


£ 

O 

CO 

2 

a 

a, 

< 


_to 

0 

XJ 

o 

£ 

CO 

o 


CO 

c 

CO 

s£ 

2 

CO 

0 

to 

0 


2 

0 

.*t£ 

CD 


c 

o 

to 

■4— » 

c 

CD 

E 

3 

G 

o 

13 

+-* 

c 

0 

E 


0 

0 

Q 


r- CM CO Tj" to CO I s - ^ 


i 

to 

0 

n 

2 

0 

> 

0 

Q 


o 

0 

B 

3 

to 

2 

to 

0 

iO 


a, sj= 

o o 


0 

0 


0 

CO 

13 

u 

0 


0 

O 

-Q 

13 

0 

0 


0 

"0 

Q 

6T 


90 



TECHNOLOGY FOR SPACE STATION EVOLUTION 

- A WORKSHOP 



91 


Technology 

Start 


TECHNOLOGY FOR SPACE STATION EVOLUTION 

- A WORKSHOP 


UJ § 

k c n 
CO CO 


i 

§ 

it 

I 

CO 


8 

1 

E 

i 


§ 

o K 

°g 


5 

i 


CO 

I— 

1 


QC CO 

S \U 
jfc t 

UJ 


m 


“a ^ 

c a 5 

§ 

I S 1 
III" 

to CO <D 

CO 2 C 

log 

£ ^ 
wB eg 

B gJ§ 

03 > - 

III 

O CO 3 

»*E o 

£ i= co 


O) 


(0 


g% 

0) 

tO co 
<D Q_ 
O CD 

0 CO 

-1 

0 ) -CO 

co e 
$ o 
« w 

CD to 

<2 o 

1 2 

c ^ 

.2 To 

£ "o 
«> 
<D ^ 
O c 

CU — 

gL_£- 

c o — 


“D 

C _ 

gl"E 

^ ^ co 

5«0 
C to -o 
CD Q) T3 

~a & co 
'" c 2 
.2 .2 £ 

■p'^TD 

£]9 0 ) 

3 l 2 

£■> v> 

CD ■}- CD 
v» Q.*3 

CD O £ 
CO c c 

c o CO 

I«’S 

3 0 ) 0 ) 
.Q C C 

~ +3 

to 


f«8| 

> 0 ) O) c 

B CO # <° 




>■0 w ffl 
jf CD CD E 

-C *- Q. 

o 

li S'® 


CD 


5 

= £ 
|S 

CO ‘ 


_ c 3 ) 

c OtJ 

*t 3 c 

S2 JS o 

O S f= 

B w g-B 

C §|8 

|| 

CD 2 to CO 

»- > QJ -Q 

CD CD *5 CD 
5) -o 2 T3 


CO "O 

3 

CO 
> 

UJ 


CD 

£ 

CD 


ccs ^ 2 ^ 
5 B co 

y n > 


E 

CD 

to 

>* 


CQ to "(O Q. CD Q. 3) 


l 

CD 

Q. 

O 

O 

CO 


co 55 

& S s? 


3 

3 

CD 

f§ 

JD 

Q. 

13 

E 


c 

0 

1 


a. 

E 

co 


n 

O 


5 . 
f, c 

E .2 

co -ss 

EE 

to £ 

CD B 

to -a 
2 x> >, 

JB*g 

O) CD "o. 

c O) 2 - 

'35 g I 

co B o 
B “E 

c ~ CD 

— U +-» 
.= 1 1 
ii? 


O) 

C 

'co 
CO 
CD 

i 

Q. 

E 

CO 

a) - 

u o ■*-> 

-*rf Sf f n 


2 Q - 

CD "O 

■♦=! r- 


_ 8.2 
S jjp— 

to-E CO 


ns w — 

2 CO 3 

2 CD to 

3 O CD 

O e *“ 

tO ^O) 


B ^’w 

g g 8 

> 6 o 

CD O P 

to 2 a. 

1 S I 

CO 
CD 


• 5 . 55 

"SJ 03 
O) CO CD 

.£ £ ‘ 


IS 1 

III' 

OtoCO 


to 

B 

O) 


I 

<0 
§> 

CD 

t> I 

CD 


C 

0 ) 

E 


or 

£ 


92 



s 

Uj § 

p CO 

SQ 

S cu 


2s r-> 

I s 

CO s 


is? 

DC CO 

S iu 


c co E 
O CD o 
'•5 je O 

He 

E P ® 

— — L. 4ml 

CL Q. (0 

E a. >• 

■i co w 

40 <D "D 

E co 3 
£ 3 S 
w -a o) 

s § 1 

5 © s 

— ^ CO 

CO o T3 

£ E *6 


^ CD 
4** N CO 
■4= >» _3 

12 5 


CO 

■*=; c 
Q. o 
CD ~ 

9 o 


CO CO 
CO ^ 


t: co 

Q. CD 


E 

£ CO 
O CD 


S 4s 55 

O co .9 

a o r 

<0 c > 

2> W a. 

.E ■« CD 

CO CD o 
W ® C 
9 CD O 


2 < uj g co O 

y- C\T CO Q. ^ in' 


93 



Technology 

Readiness 

Level 


High Funding 



Technology 

Start 


CO 

3 

O r? 3?* 
= !? 
O Q. C 

«- X o 

a ®TJ 

I z s 

o>^§- 

w = 2 

■ 8 © 2 

•- ^2 
E "-8 

(DO 2 

W^ 13 

>* c ~ 

8 8 _g 

3 «f 

^ a 8 

g 30 

2 op 


O W 

00 © 
;L ° 

o 5 ^ 
O Q_ 

c w 
5= t 
■3 O 
0 D- 
S- CL 

-g 3 

CO O 


Q 

Eg 

o p 

O CO 
-^1 >• 


P "D ~ 

£«S 

0 — c: 
u © CD 
■£ W Q. 
CO >?{f\ 

c c ILU 

1 °-d 

iS£-g 

III 

li | 


© CO S 
||81 
«1SS 

rC O CL-e 
H- o 3 .£ 


.fa C © 
0) 0 ~ 
£ -Q -p 


■o o -Q C 
© "P CO o) 
W ft ^ c 

0 W ©'E 

ft 2 Q. © 

o x: * o 

£: og LU CO 


95 



TECHNOLOGY FOR SPACE STATION EVOLUTION 

- A WORKSHOP 


C 

X3 o 
C ~ 
© <0 

£ © 
<D C 
N © 
■-ri U) 
.2 (p 

& w * 

O 

o © 


S 55 
2 z 

Z3 H 

■(0 o 

vi: 

© © 
9 - © 
E 5- 

r c 
-c x= 
o> 2 


_ -a 

o c 

W 

(/> 

9 © 


T3 c 

o 8 
o u 

P *2 

© 8 

M -S 

© -o 

* km 

03 X3 
.*-» *** 

w -a 

c 

«S « 
co & 

O j~ 

</) 3 

A/5 iii 
© 


© 

tj > 
c '■» 
as © 

.£• © 
1 £ 

I 1 

© 

- £ 
t- 3 

a a> 

CL 

2 £ 

© 2 
E a 

to ~o 

© § 
8 © 


T5 © 

8 © 

o -3 

a- § 
E tu 

o -o 

O © 
•S J© 


© © 

© $ 

© 07 

+J .... 

© 13 

cn © 


« 2 

I ~ 

i 1 

jC © 

.2> W AS 

jc c c 

_ O 3 

72 us 

as ^2 Q. 

* 8 | 

as os cl 


rrt © *3 

2 W © 

^ 8 •£ 
2 53 £ 
-2 2-9 
Q. Q. *5 


o> «- 


i ° 
■*- © 

© V 


o -*-> 

C © 
•== © 

© 

X) TO 

2 g 

8 f 

:S 5P 
© 2 
Q JD 


96 


flight hardware. 




§ 

1 

Ife 

pi 

§1 

18 


§ 

o 

o S 

o CO 

^ co 
5 K 

65 

It; 

Q P 
DC CO 

5 Uj 
S It 

Uj ~j 




97 


Fiscal Year 



o 

p 

=> 

o 

> 

UI 

z 

o 

H n. 

IS 2 

w w 

o £ 
< o 

cc < 

O 

LL 

>- 

o 

o 

«J 

o 

z 

X 

o 

Ui 

fr- 


ee 

s 

§ 

S 

CQ 

§ 

O 

| 

P 

-*<4 

3 

cc 


I 

c! 

Eg 

OP 
O ce 

-4 >- 


5 

cc 

§ 


to 

K 

£ 

0 

1 

<o 

£ 


5 

8 

00 


c 

.2 

CO 

E 

0 


CO 

c 


o E c 


0 


CL 


O 

0 


o 5 

*AmJ> « 

Ja 
2 ?^ 
^ C (C ® ® 

V.^ w 0(0 

© g-© £ 5 
•J 3 Q. m o rL 
83300 

2 g-Sal 

o5£Cy 
s •■* co 8 * 


§ § <2 to J5 S 


0 

0 


» i q 

o Sfo > +* 

0 2 ‘-g 13 o 
-***- 2 Q 4x — 

c « 0 © 
E 


£ 0 
> <0 
0 


— * *= ui w C 

- £ £ 5 £.2 

0 - cn— 0 ^ tg 

®(BC (D£5o 

0 _ -c x: — — 


0 

***** 

1 


03 

C 


c c 

e5 
0 © — 
o> ■= e 


o 

Sg 


0 



sis ° 

0 ? 

> c _ 

tj ° T3 2 1 

©■O C «iS 

$= jg 0 ■“ a. 

0 CO <0 03 0 

r- -*-» 4-3 f 5 


§111 
g 0 0 — , 


® & ® B 3 § -i 1 § 
I £ 2g.§ S^'§> 

4= C .£ 0 Z. -2 

§e«Ii 

o W s 

0 0 O0O 


0-0 


£ -22 O 


0 *t -S 0 


0 £ 
5 1 


0 


0 

0 


J= 0 M— ^ 

0 >, O 0 

fs£ 


S £ Sg w 
0 
£ 

i? 


0 33 TC 

Q. 2 

0 C 0 

■0 0 -Q 

> 'jsr W 

j> 2 03 

£ C j- 

o ot5 2 

r- ■■ 3 D .5 

sS w B 

■£= :r— tf? O 


0 

> 

o 


M I f i 031 1 

03 --5 Q. £ Fr C -=^ ~* 

,r > O 0 0 £ £ 2 

, 0 (D*-«u^,£E 

■853 8S2 

§1 = I gl® 2 

S g.s g s g'l g 

,c 03 qj iS u~ = 
.2 0 O v sL 0 A 

■— • rti nr #"£ * C 


in 
®. ® -= 


£32® 

C0 ^ 


5 8 2 >| 8 \&s> 2 £ 

f-s 8^1*1 


iS ■£ c DC 0 O 

03 © 0 -0 

CD > c 0 as 

lie I s 
»«i 2 e 

l£8i§ 

*5 0 —» 2 r- 

3 * 8s5 

t S g'fo 


= S #^■=■5 3 

„|2-§g?c^ 

SS'3i£®a8 

| 10 .®.s $2 £1 

§ 0 S *- E 3 TJ 0 

2 ‘C T o C 0 C 0 

g.S’g-gS £ «£ 

0 0 r2 s^® O © ® 

^’SsS’S 

O o 0 c 


O^r 


^ ^ n 

Sg i.is 


0 0 ^ - - 
0 55 8 % % 
wT2 ol.o 


x: 

H 


g -Q 0 - 

.2 o 0 c 

iS *c 0 0 

73 0 

^ S.sjl -a-1 g-j 

§ll 2 §-§®§ 

330X300000 


I 

s. 

o 

o 

CO 


.« 0 

0 O 
jC © _ 

JSfif 

-$ SB 

E|^ 

0 o 0 
<0 c ~ 

“s Qj n 

l -0 '! 

®2 8 

1=1 
03 ® *S 
O 03 -T 

3 g o, 

-Q O 0 
Pet; 0 

II? 

0—5 0 

a-§g 

-2 O) 0- 

0 o ~ 

0 .2 > 

* 0^0 

/-. P xj 


0 


o 0 
£ 45 


= 0.2 

■g.E> 

^ «H> 5- 

C J. o 

© 0 

0 .2 

.2 ©"g. 
r c 9 . 

us CtS 

1 * 

c 0 -~ 

gfi i 

°OP 


o 

0 

.> 


<t 1 £l s 1 

.^£>vPrt0 -C 0 ~ .Q 

o e-St? 

m 0 0 0 

Jc £ 0 P 

iS i ® 


XJ 


l 

0 

.1 

*3 

O 

0 

g 


o 

0 c*-. 

f %% 

‘2 > & 
V. 0 3 

a .&» 

c ®2 

OC = 

C ,A «< 


133 

0 ro 
j5 


2 

o 


0 

> 

o 


0 

$ _ 
0 0 
fc 0 r> 
<13 0 3=? 

u m 

81 


a 

o 


w 81 


0 


CL 

£ 


O 0 
*-> X3 

C ■« 

0 O 0 

£ -O JO 

i§? 

ill 

0 *= 4 = 
73 > ^ 
raf S £ 
to o ^ 

* c § 
o .Q 


w# 

o 


8 


^*00 

3 T5 ♦-* 

«£C 

0 0 2 

a E I 
c|5 

r 13 «h 

pz 2 

vfc o.£ 

JC Ct3 

O o c 

0 -w 0 

■$ 2 ^ 
_.**3 Q 

0-0 0 

Q. 0 c 


0 
0 0 


0 

4= ^ 
h- ■£ 0 

l 

4 — 

s 

£ 

.1 

§■ 

£ 


98 

<2-c2~ 


system automation and control strategy. 



TECHNOLOGY FOR SPACE STATION EVOLUTION 

- A WORKSHOP 

ENVIRONMENTAL CONTROL AND REAL TIME MICROBIAL 

LIFE SUPPORT SYSTEMS ANALYSIS 


CD C 8 
x: e 
(/) H* 9 Q 

0 m «4>mS 

0 ) 0 X 5 

SB? 

o .*8 o 


^ o C/3 " 

°sj« »? 

g E -g g S £ 

•| s n § >..0 

S2S55S 

g o W CO M S 

^ O cO h- CO O 

i5 ^ ® O -T ° 

• _j o cd s "c -y 

. ° £ B 3 -a 

co o h” co o 

° m**™ ft „ km rrt f /1 


= o 
0 ) a, 
5 c 
co .2 

«* M 

■s e 


su W t Vu w 

’C -Q ■ Jr CO co 

© = 'm g ■© 3 ' 

cS > t q <d 

(6 5 ^ = c n 

f.g'sSSs 

S .s E = tj 8 

Big I §1 

o © ■§ "§ E K 

■■5 rn 5 03 ^ a 

2 > 2 ®| « 

® oa ?o 2 

£ TO to 5 0 +- 

c § p a. © *S 

<D .£* © X <a 3 

, E £ 'ST ©> co 

1 -n •+-» — * CD 0) 

V O 0 ) "O c nr 

« £ -s 5 I 

2 8 | f | ■§ 


a> 2 
.2 3 
w ©■ 
q> © 


0 ) 

O 

3 ) (0 

X 5 X 

P 3 

CO g 

o E 

-Q x 
X 3 — 
CO co 

2 o 

■° -o 
TJ O 
0 ) -c 

N CD 

e e- 

■^3 CO 

Q. V- 

O o 
c6 o 
• 8 ? 


CO o 


*- XI 

c .co 

"O © 
© — 

CO © 
P o 


CD CD 
■© X 

© tl 

X ^ 
t- X) 

£ "O 

~ CD 

, £ P 

© o 

■h- a. 
co a. 
c 3 
•p co 

4= CD 
3 JD 
O 

__ O 


(0 c '5 - 

c co > O) 
o x t- c 

c o 5 -j= 

® g & s 

■a E o 2 


c 

ti 

o _ 
9 - co 


99 



TECHNOLOGY FOR SPACE STATION EVOLUTION 

- A WORKSHOP 



100 


Technology 

Start 


c 

o 

£ w 

5 E 
2 & 


iTj 

i. t: 

2 a 

s §■ 

3 co 

w <?> 


0 

a: 2 

w w 

w c 

>. <J) 

CO CO 


O c 

</) O 

C *5 

CD « 


C C 

O O 

(/) W 

'w 'w 

CO CO 


LU LLJ 

"a T3 

<D CD 


W O 
co rr 

O- 

II 

tx o 

3 

— -rj 

■O CD 

§ cc 

O CD 
Q--= 


101 


- N 2 Generation (From N 2 Sources Such as Crew Metabolic Byproducts) 




102 



TECHNOLOGY FOR SPACE STATION EVOLUTION 








Hh 

o 

a 

CO 

a 

O 

£ 

< 


H 

HH 

> 

HH 

E“l 
O 
<1 
a 

C 

O 
O 

HH 

ffi 
H 
> 

a R 

Eh W 

X H 

a 


W 

& 
i — i 

a 

Ph 

H-H 

o 

02 

HH 

Q 

O 

O 

a 

o 

X 

M 


o 

05 

05 

tH 

«s 

05 

tH 

< 

6 
£ 
<d 


S5 

§ 

a 

i— i 

«d 

a 

a 

e 

£ 

o 

a 

a 

a 

£ 

£ 

a 

o 

a 

a 

a 

a 

a 


a 

a 

H 

S5 

a 

o 

a 

a 

a 

GO 

a 

a 

05 

a 

§ 

«5 


103 



PRECEDING PAGE BLANK NOT FILMED 



TECHNOLOGY FOR SPACE STATION EVOLUTION 



< 



_ < 

c > 

C ~0 

£ © 
O C 

o c 
x: g 
o) E 

o = 

SZ O 

©8 

o r 

©'I 

> c 

© 75 
o 2 
© 0 ) 
CL JC 

05 © 
© X3 

£ o 

'S 8 

© “O 

is 

8:1 


w 

E 


& 

© 


3 © ® 
W .C ** 
W ■*- 

(D h- 

O 

°-©? 

© o. 5 

-CO 00 
o © 
© © -g 
32 © co 

© -C v, 

S K 1 

S'.fS 

> - *5 

**0 qE 

© 03 o 


== “O 
© © 


c § 


© 

|r(0 

3 c q> 

o >. Q 

2 1=1 

CL— 

S .i ? 

^ o id 

© +- 3 


“P* 

E 

6 . 2 . 


© 

Jfe § 

o •— 

> w 

o c S _ 

■*-* ■“ ® Ot) 

< 8? s-os 

CQ •« S © ® «j 
-I « ® c !5 « 
UJ O) O) *= IL. > 
o c o c O 

0 — C t 5 o> 
T 05+= © .2 _ 

® §-D “-S § 

1 8 § 233-0 

c 2 ® 8 
■= *“ Xi ® CO iS 
• 22 § Q- cl 

■£■= ol 05 5 

•C > E « © « 

© O) o © o « 

© 8 £ © E 

3 .si 


^ w 

o -O 


■o *2 ^‘5 a* .2 

® (/) (D D* k c 

> T3 > © O § 

© © <d £ £ 

2 fi -Q 2 © ® 

m u ^ L ^ l. 


acS«3® 

lie 8 

«®2©5o) 
= ^8^ .<3 

© i_ •= ts ■= x: 

oca©®2*- 

° 3 2 © $ © 
§ -|.0 2 © § 

?&iHs 

lisfgi 5 

» o > E 03 •- 
1 8 W 1 § & 
i 


Ef5o S 

© O ® ^ N 

^ > Cl 'S © ^ 

f t3 o> £ -® 

s © C *“• © 

’HI, 


3 

a 
1 c 
© 

§ © 

■s< 


© 

X) 


13 

8 

£ 

Q. 


■*00 = 3-0 
® o e O 1 _ 

l-rfS'I 2 '5 

^ C C rrt n /ft 


^ C )= 

£ -o-» © 
3 


© O 
Q- 


© 


- = © © O) O 
©75 >> 9 s^Ea 


tt u ^ = >- c O..E *g 

9 c 2 5 to ® © 2 

H rt5 < a d C w. rrt CD 


© ® 1 
> © e 

2 =>2 
© © 
© >* 
3 © 


2 

c 


5 

© 

b 5 

>2 
in < 

S m s 

-2 1-5. 

0 9(1) 

1 1 1 

if 1 

ill 

© — p 

© O 

1 t5 

2 ® .E 

a. 5 -£ 
^ o o 
4= 5 
~ o © 

*11 

•” ® o 

« .2 C 
C O)” 
2 © ~ 
© xi 5 

•5 c .© 

E Or 

g‘c h 

3 2 sL 

3 (0 = 

r 2 s 

o ^ S 

H— •■= 


8 


© 


3 

Q 


O) 

O 


r 

o .■*=: o co 

<33 -.2 >**-,* UL. ^ 


5 C3 
-2 © c 

« Q-© 

^ •+—* *v. 

© © = 

§■« 8 
S|'R_: 

^ 2 _jc o 

a a >- 

© E 

c o 

2 ° 

to E 

^ © 

© ■£ 
CL W 

.11 


S 5 

1.S2 

21 s 
© - 
© © 


uu 


§ l i p it 

2 § fS £ > | 

I— £3 2: © Q.LLJ E 


O O E 
© XJ XJ CO 

1 2 2 £ 

S © © {2 

'« .jc x: E 

c -H 4^ ^3 

® 5 '5 c 
.E « « .2 
"® © © To 
5 -Q x> c 
| E E § 

C © © O 

<EE.E 


a> 

E 

i 


© 

JZ 

-»■- 

2 

© 

& 

> 

1 

v-. 

© 

3 

a 

jc 

© 

1 

* 

LU 


■a 

© 

> 

o 

> 

c 

© 

c 

© 

E 

© 

© 

E 

© 

t 

© 

o 

$ 

>« 

© 


t; © 

C C 

© o 
— E '•« 

2 9-1 

2 3 co 

LU a-.* 

r m o 

1 tr > 

=> 8.1 

.^8- c 
co 


o 

2 


3 

a 

JZ 

© 

1 

2 


3 

2 

LU 

"O 

c 

© 

o 

o 


© 

© 

© 

tr 

© 


© 

■g 

< 

-S 

o 


« 


-Q a 

% o 

2 x> 
©2 
o -2 


$ 

o 


© 

^z 

■4-» 

© 

c 

o 

B 

© 

© 

© 


T3 

© 

© 

© 

£ 

i 

© 

© 


© 

E 

© 

© 

© 

© 

© 


104 



TECHNOLOGY FOR SPACE STATION EVOLUTION 

-A WORKSHOP 


S o w 

iltl 

Illi 

+J O 3 • 

(0 >r JC C 

8f?f 

| o (d o) 

>. S-8 8? 

© « >< c5 

^ 0 O Q) 
^ itr m ~o -C 


'■e - 

T* o 


sz © .2 

^ c Q. CO 

£ a> §-e 

T5 « « 2 
O <0 c 3 

8 8 |5. 

s| 

« is& 
£*a*re 

S 0^3 
<2 o> c °- 


Cfl ^ 

•52 13 "S. jo 

a 3 8 ® 

|S§o 

2 a o E 


— n ® 
T3 ? W 

S « ® 
E .$* g> 

~ 5 =5 
tS co w 

8 .§ i 

4= 2: o. 

f 8g 

2>m 

£ 

>>® 5 
.Q w a> 

E >>1? 
© £ <0, 

w s © 

< J -O 

3 s o 

w >;•- 

© ^ T3 
£; .> V 

33 S 

© T3 .£ 
>0 73 
Q_ T3 
© °- CO 

f £j8 

**s 

3 £ I 

to © ^ 

©3. a 

■o c i 
T3 © > 

© F to 
© c ® 

JD O O) 

— ,ts O 


£ ® ^ 

^ < o 

JZ ^ Q) 

O > L_ . 

£ LU W 

to •= © 

§ .E ■£ to 

It j£ 
Agfa 
S.s 1 1 


i— vy 

13 .£ 

g£ 
e a 

« 8 

** V— 

Is 

Ss 

© « 

o * 

•2 •« 

•52 ^ 

CO ^ 

s 5 

«UJ 

o>"2 

-g § 
c £ 

o a 

o O- 
<2 C/) 

£ 4U to 

L. ‘""I C 
O O 

is i 

Is E 

*£| 

III 

JO £? o. 


UJ a. 2 
> +7 to 

hfias 

O o „, 
yjx: 8 

3 % a 

O © C/5 


105 


systems are needed if man is to maintain a permanent presence in space and perform the required 
routine EVA operations safely, reliably and economically. 
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1 . Advanced-technology Portable Life Support System 

2. Advanced-technology Pressure Suit Assembly 

3. Integrated EMU for test in orbit 
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are needed, t-inaiiy, tor safety purposes, there is need for a capability to rescue an EVA astronaut in 
the event that he should lose his tether and drift away from the space station; similarly there is a need 
for a capability to retrieve equipment which may also be adrift. 
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4. Concepts, simulations and prototype hardware for crew rescue and equipment retrieval. 
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capability for insight into the systems' configuration, operation, and status. In essence, in order to meet the 
demands of the evolving space station, crew productivity must be enhanced. To attain this goal, sufficient 
resources must be focused on improving the crew-systems interfaces and interactions. 
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3 (a) Al/Expert Systems providing automation transparency, easy operator intervention, robust DSS and 
dynamic task allocation capabilities. 

4. (a) Modular, portable, "wearable" input and output devices, (b) "Wearable" monitors with color and video 
capabilities. 
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case the problem of trash disposal also can become compounded because of the quantity involved and 
because, if it gets out of hand, it can adversely affects physical and mental well-being (i.e., visual pollution). 

The factors affecting crew behavior and performance need to be better understood, and countermeasures to 
the adverse effects of long-duration operations in a space environment need to be developed. 
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over a low band width communication link. A digital video system 
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liquid to the tank outlet and pressurization gas requirements during expulsion of liquid from the tank. Preferred 
techniques for liquid acquisition use fine mesh screen materials as capillary devices. However, the effectiveness 
of such techniques with cryogenic liquids in space remains unproven. Pressurization techniques for discharging 
cryogens from propellant tanks were developed for rocket vehicles with high expulsion rates and have not been 
characterized for the low expulsion rates anticipated for low-gravity transfer operations. 
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149 


depressurization, significant quantities of liquid may freeze in tanks and could cause safety problems. This 
process is very poorly understood at present. 

'. A low-gravity data base is needed for all fluids (storable and cryogenic). 
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measurements in potentially safety critical systems. 
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- HYBRID AC/DC SYSTEM 
* INCREASED AUTONOMY 

- FREES CREW TIME FOR OPERATIONS, INCREASES SAFETY AND RELIABILITY 

SSF SYSTEM TRADES SHOULD BE CONDUCTED TO EVALUATE RISKS/BENEFITS OF 
TECHNOLOGY OPTIONS SOON 
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A key point to be made is that several of these technologies are already ongoing, and require FY91 funding to 
avoid a hiatus in the work, which would drive up the eventual costs and threaten the schedule. 
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Prototype components and assemblies. Reports and test data from supplier programs and in-house 
testing. Flight demonstration hardware for the electrolysis phase separators. 
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pumps, and compressors for pressurant gas. 
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Prototype components and assemblies, supported by reports and test data where appropriate. In the 
case of health monitoring and fault detection/isolation, reports, test data, components and complete 
systems for integration into the SSF propulsion test bed at JSC. 
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technology for both is reasonably mature, but not yet at the requisite level. Vaporizer technology is 
judged to be at about level 3, and may be the basis of a flight experiment to adequately demonstrate its 
maturity for SSF. Compressors for such fluids as hydrogen are at about technology level 4, and require 
additional system level demonstration in addition to some more component level work. 
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Prototype components and assemblies, supported by reports and test data where appropriate. 
As required, reports, test data, components and complete systems for integration into the SSF 
propulsion test bed at JSC. 
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ISSUES: Funding for those technologies that are on-going should be continued without a break, 
to avoid a hiatus in the critical areas that are needed to meet the SSF schedule. 
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• LIGHTER MATERIAL 

• REDUCE OVERALL WEIGHT 

• REDUCE SIZE 

• INTERFACES ADAPTED FOR ROBOTICS USE 
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INTERFACE DEFINITION FOR ELECTRICAL AND MECHANICAL COMPONENTS IN 
THIS ARENA 
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PHASE A 1 * ESTIMATES ARE APPROXIMATE AND 

BASED ON DEVELOPMENT PLAN 

DATE 
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TELEROBOTIC SYSTEMS TO ACCOMPLISH A WIDER VARIETY OF TASKS TO REPLACE, AND EVENTUALLY 
EXCEED, EVA CAPABILITIES. SPECIALIZED SENSORS MUST BE DEVELOPED FOR THE MICROGRAVITY IVA 
AND VACUUM SPACE ENVIRONMENTS TO ENABLE SPECIFIC INSPECTION, DIAGNOSIS AND REPAIR TASKS. 
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PHASE A - — H * ESTIMATES ARE APPROXIMATE AND 

BASED ON DEVELOPMENT PLAN 

DATE 
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REQUIREMENT: 

• OPERATIONAL CONSTRAINTS FOR PROXIMITY OPERATIONS, LIFE-CYCLE COST REDUCTIONS 
AND PRODUCTIVITY ENHANCEMENT DUE TO IMPROVED ROBOT PERFORMANCE 
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A DEMONSTRATION SYSTEM USING TWO OR MORE SENSOR TYPES TO BUILD ENVIRONMENTAL 
MODELS UTILIZED BY REAL-TIME CONTROL AND PLANNING SYSTEMS TO PERFORM A COMPLEX 
TASK IN A FLEXIBLE ENVIRONMENT 
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PHASE A 1 * ESTIMATES ARE APPROXIMATE AND 

BASED ON DEVELOPMENT PLAN 

DATE 
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BY ALLOWING TASK-INDUCED FORCES TO BE REACTED THROUGH A HOLDING 
ARM WHILE SIMULTANEOUSLY AVOIDING INDUCING FORCES DUE TO TASK- 
BASE MOTION AND COMPENSATING FOR COUPLED TASK-BASE SYSTEM 
DYNAMICS, A FREE FLYER OF REAL MASS CAN PERFORM OPERATIONS 
WITHOUT ADVERSE AFFECT TO THE PLATFORM. 
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IN THE MECHANISM ARENA, COMPLIANT ARMS WITH HIGH-SPEED REACTION/ 

RESPONSE WILL BE NECESSARY UNDER WORST CASE SCENARIOS TO PREVENT STATION 
AND/OR FF DAMAGE. 
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PHASE A 1 * ESTIMATES ARE APPROXIMATE AND 

BASED ON DEVELOPMENT PLAN 

DATE 
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TECHNOLOGY MUST BE DEVELOPED TO REASON ABOUT ACTIVITIES FOR COOPERATING AGENTS OF 
VARYING LEVELS OF CAPABILITIES, AND TO VERIFY THE ASSOCIATED RATIONALE. 
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BASED ON DEVELOPMENT PLAN 
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A demonstration of ground-based space environment simulation and correlation. 
Recommended NDE procedures and structural certification criteria. 
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Demonstrated lightweight composite joints and welding techniques. EVA timelines validated by 
ground and flight tests. 

Large-scale validated deployable structural concepts. Validated deployment analysis. 
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control systems of the station and flexible manipulator and appendages, and potential taiiure 
to maintain fuels in configuration for transfer. Because of the size and flexibility of the Station, 
it is impossible to ground test in full scale. Therefore, a well-coordinated program of component 
and scale model ground tests, on-orbit tests, and analysis is necessary. 
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maintenance (change out) of the radiator panels will become a major drain of th 
crew time and productivity. A heat rejection with higher heat flux, longer life 
and lower weight must be developed to mitigate all these impacts. 
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environmental contamination due to ammonia leakage from the increased line length 
and complexity of plumbing network. A heat acquisition and transport system with 
higher heat flux, longer life heat exchangers, less leakage lines and quick disconnects 
must be developed to provide efficient active thermal control. to the growth 
Space Station equipment and payloads. 



o 


a 

z 

o 


-J 

HI 

z 

o 

LU 

O 

< 

CL 

CO 

GC 

O 

1L 

> 

o 

o 


o 

LU 

H 


CL 

o 

z 

GC 

O 

5 

< 


l 

8 

I 




1 


Z 

5 


£ 

§ 

5l| 



t- CM CO 


x: a. a. 
O O O 

-C ® ffi 

5 > > • 
^ <D <D 

Q Q 
m < o 


Q- 

.S> o. 



Jigs 

■a a g a 
§»!“ 
c o o ^ 
© m *** 

J 5 

“ 'S2 o re 

J 3 *! O 3 
2^00 
g i 

> S T 2 ~ £ 

«J X <6 «< 
yj 

— ■ : “ • 

O T“ CM 


253 


TECHNOLOGY FOR SPACE STATION EVOLUTION - 

A WORKSHOP 



254 



O (3 ' 

° si 

c o £ 

« ® w 

? £ S 

o o C 
.■s o 

C "O o 

O © _ 

EBg 

® C ® 

III 

3 3 
0 0**: 
o 

>**o ^ 

3 §0C 

3“ 25 

< COLL 
HI £ 

a 18 © 
016 
O © g 
co <3 £ 


o 

o i= T3 
*p C C 

■E o to 
5 o 
_ w 
E c -J5 

Q> .2 >, 

&BS 
© © « 
-a cl 

3 O TD 
V) c 

•= © £ 
S E - 

Co© 
o 2 o 
O c c 
<8 

O) E p 
c j- E 
•c o o 

0 T= t: 

.t: © ® 
c ©.§. 

E2 E 

■a >, -2 

© O) £ 

J5 5 to 

E 2 - 
Sr C 

”ii 

f el 
•2 © 

*•*4 _ „ 

nl « T5 
© >» C 
O.W « 

■2 tr c 
5 © .2 

1 M 

^ LU o 

4.3* 

A 

o S 

•• js O 

ill 

H O *o 

O o 
UJ.E £ 

***5 3 

m = i 


<D 

a 

co 

T3 Q. 

C CO 
CO 

CD 

a>sz 

c 

i-g, 

C 3 

I 2 

4~» 

0 4-* 

6S| 

B-o © 

© c V) 
>? 3 >* 
©gw 

1 CT c 
E t3 © 
© 5 E 

- > S> 

® i § 

' w “ 3 

O © _ 
4 — r- C 

©-•2 

gig 

« * a 

© © o 

.E 2 -o 
5 £ c 
E © © 

4-» ^ 

•O C c 
0 0 
3 = E 
-o > 0 
0^0) 

■§ I s 

© © © 

§t 2 

s- © « 

O -Q ^ 

c © Q 
•2 — c 
oo§ 

T3 *“* ‘<£3 

SO-*- 1 

CL O CO 


m "2 C 

5 5 o 

S « ° 

■C © o 


5 c E 

o o 

E £5 

© c © 

« Q 


s; « © l 


— 0 
0 CX 

E x 
V E LU 

S £ < 

c © 

.|b 

« M- *S 
_. 0 © ' 
© Jr 

tr o 
c — 9- 
— - Q P 

+j IL ri 


2 % © 

■sIb 


— c © 
~ o « 

> '-S >». 
© © 

£ fc- 

co. p 

© O -fc 


© _ 
r a r* c 
+- c o 

5 3 (0 

o Q- N 

^0 m S 
CO £ 3 

|‘.E 

c £ © 

B i 2 

I s © 

O O) 4-* 

©.c-g 

4- U 
0 > 0 
JC > 

z-i“ 

2 CL W 

2 E _ 

u O .E 

< ° * 

El © X 

s © © 

Ssf 

?.= 8 


O' ® « ‘ 

© .5 E . 

Sfi 

o tr "o 
E. o © 

l« : 

B © I 

33 W O • 

bb «; 

■O O^ 1 ' 
o E.-C 
E 05 B ; 
E -o < 

o s ^ 
.8 “ 

“ | g' 

S o s 

..■S »' 
8^» 
f S g 

'? ot « 

Hi, 


w w 

B 15 


255 


be able to perform system trend analysis and predict unscheduled maintenance 
prevent failure of aging equipment to increase crew productivity and safety. 
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required to reduce the EVA time for refurbishment of passive thermal control 
components. 
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ANALYTICAL TOOLS TO ENABLE EFFICIENT DESIGN Al 
THERMAL SYSTEM. 
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o EXISTING ANALYTICAL TOOLS RESULT IN OVERLY CONSERVATIVE DESIGN (I.E., 
UNNECESSARY WEIGHT, VOLUME AND POWER PENALTIES) 

o DEPENDENCE ON ONLY PASSIVE COOLING OF ALL EXTERNAL EQUIPMENT WILL NOT BE 
ADEQUATE FOR GROWTH STATION 
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SOLAR DYNAMIC UNITS 







MANNED BASED OPERATIONS 
INFRASTRUCTURE 
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Strategic Plans and 
Programs Division 
Office of Space Station 
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SPACE STATION EVOLUTION 



-To improve productivity/efficiency 



DIMENSIONS OF SPACE STATION EVOLUTION 
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POWER-CREW RELATIONSHIP 
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uotii KUWtH. KHtibb. VUL. AND CREW 
(EVOLUTION MISSION MODEL) 



s>Dvy aienoa 
‘awmoA *ssaad aasn 


285 


USER POWER, KW 



USER NEEDS ASSESSMENT 
PQWER/CREW/PRESSUR1ZED VOLUME 
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OV-103, OV 102 TITAN IV SHUTTLE-C ARIANEV H-ll 

OV 104 (ESA) (JAPAN) 




STUDY APPROACH 
TRANSPORTATION MODEL 
CONTINUED 
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STATION OPERATING YEAR 







GROWTH SCENARIO RESULTS 

MICROGRAVITY RESEARCH AND MATERIALS PRODUCTION EMPHASIS 

5 NSTS/YR ONLY TRANSPORTATION SUPPORT 

CONTINUED 
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Station Operating Year 



GROWTH SCENARIO RESULTS 

MICROGRAVITY RESEARCH AND MATERIALS PRODUCTION EMPHASIS 

MODERATE TRANSPORTATION SUPPORT 
CONTINUED 



293 


Station Operating Year 




GROWTH SCENARIO RESULTS 
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EVOLUTION SCENARIO RESULTS 

LIFE SCIENCES EMPHASIS 
MODERATE TRANSPORTATION SUPPORT 

CONTINUED 

Summary ot Major Mission and Station E l ement Growlh 
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Station Operating Year 



EVOLUTION SCENARIO RESULTS 

LIFE SCIENCES EMPHASIS 
MODERATE TRANSPORTATION SUPPORT 










Increasing accommodation tacllltles for unpressurized storage will be required throughout growth and particularly 
In Delta's 1 and 2. The extent ol these facilities Is In part dependant upon facilities present at assembly complete and 
details are TBD. 
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TIME-PHASED SPACE STATION GROWTH 

DELTA 12 
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Remote Manipulator, 1 Remote Manipulator, 1-2 Remote 2 Remote Manipulators 

(Canadian), Mobile 1 Mobile Transporter Manipulators, 1 Mobile 2 Mobile Manipulators 

Transporter Transporter 
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ORIGINAL P AGE IS 
OF POOP, QUALITY 


4uly20, 


NASA’S 90-DAY STUDY 
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EXPLORATION STRATEGY 



313 



DEVELOPMENT OF REFERENCE APPROACHES 
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Earliest Later Permanently 

Mars Mars Manned 

Lunar 

Outpost 
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LUNAR MISSION PROFILE 




LUNAR OUTPOST 




MARS EXPEDITION ELEMENTS 
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MARS MISSION PROFILE 
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SPACE STATION FREEDOM 
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SPACE STATION FREEDOM 

EVOLUTION FOR HUMAN EXPLORATION 
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Assembly Complete 





SPACE STATION FREEDOM EVOLUTION 
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ARTIFICIAL GRAVITY? 
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be certified for journey to Mars 





LAUNCH VEHICLES FOR LUNAR MISSIONS 
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SHUTTLE AND LUNAR/MARS TRANSFER VEHICL 



Space Shuttle Lunar Transportation System Mars Transportation System 
Mass => 92 metric tons Mass « 200 metric tons Mass = 800 metric tons 

(Payload = 22 metric tons) 









CRITICAL TECHNOLOGY CHALLENGES 



CONCLUSIONS OF THE 90-DAY STU DY 
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SCIENCE: SIGNIFICANT OPPORTUNITIES 
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Office of Exploration 
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INTERNATIONAL COOPERATION 
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Assurances regarding funding continuity 
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THE EXPLORATION INITIATIVE 
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Provide our citizens with a visible symbol of America's strength and vision 
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HL/TSSE WKSHP 1-90 (dh) 
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Ames Research Center 
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HL/TSSE WKSHP 1-90 (dh) 
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HL/TSSE WKSHP 1-90 (dh) 









Architecture of an Autonomous Intelligent System 



System Architecture A Integration 













Ames Research Center 



HL/TSSE WKSHP 1-90 (dh) 



lunsn ***** Information Sciences Division 

Ames Research Center 
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Knowledge 

High-Fidelity Simulation and Training 
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MANAGEMENT AND ANALYSIS 
OF SCIENCE AND ENGINEERING DATA 
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Autoclass 

• Use of Advanced Reasoning Technology for Classification of Large Data Sets 

Automation of Differential Thermal Analyzer/Gas Chromatograph (DTA/GC) 

• Software for Fault Diagnosis and Correction, and In-Situ Analysis 



BAYESIAN LEARNING - AUTOCLASS 






ONBOARD MONITORING, DIAGNOSIS & CONTROL 
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Distributed intelligent Information Management System for Project Management, Control, and 
Real-time Scheduling - Vendor-Independent Environment 
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TERTIARY MIRROR 







Technology Challenges 

Multiple Sensor Integration and Understanding 
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System Verification and Validations 
Focused Testbed Applications 



Information Sciences Division 



362 


/tcck u/k'cwp um /HW 


VERIFICATION AND VALIDATION CONCEPTS 
CRITICAL FOR 

AUTOMATION INSERTION IN FLIGHT PROGRAMS 
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Provides Maximum Return on Investment 
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Cost-Effective Insertion of Evolving Technology 

for 

Maximum Productivity 
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Appendix 1 


TECHNOLOGY FOR SPACE STATION EVOLUTION - A WORKSHOP 

Final Agenda 


TUESDAY. JANUARY 16. 1990 

8:00am - 12:00N PLENARY SESSION 


8:00am - 8:15am 


8:15am - 8:45am 


8:45 am - 9:00 am 


9:00am - 9:45am 


9:45am - 10:15am 


Welcome 

Arnold D. Aldrich 

Associate Administrator for Aeronautics and 
Space Technology 

Keynote 

Dr. William B. Lenoir 

Associate Administrator for Space Station 

Workshop Overview 

Dr. Judith H. Ambrus 

Acting Assistant Director for Space, 

Large Space Systems 

Office of Aeronautics and Space Technology 

Space Station Phase I Configuration 

Richard H. Kohrs 

Director, Space Station Freedom 

BREAK 


10:15am - 10:45am 


10:45am - 11:15am 


11:15am - 11:45am 


11:45am - 12:00N 


Mission Requirements and Evolution Scenarios 
Dr. Earle K. Huckins, III 
Director, Strategic Plans and Programs 
Office of Space Station 

Space Station as a Transportation Node 
Dr. Jeffrey Rosendhal 
Special Assistant for Policy 
Office of Exploration 

Importance of Automation 
Dr. Henry Lum, Jr. 

Chief, Information Sciences Division 
NASA, Ames Research Center 

Workshop Instructions 
Dr. Roger Breckenridge 
Manager, In-Space Technology Office 
Space Station Freedom Office 
NASA, Langley Research Center 
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12:00N - 1:30pm 


LUNCH 


Luncheon Speaker 
James B. Odom 
President, CEO 
Applied Research , Inc. 

1:30pm - 6:00pm ELEVEN DISCIPLINE BREAKOUTS 

ATTITUDE CONTROL AND STABILIZATION 
COMMUNICATIONS AND TRACKING 
DATA MANGEMENT SYSTEM 
ECLSS 

EVA/MAN SYSTEMS 

FLUID MANAGEMENT SYSTEM 

POWER SYSTEM 

PROPULSION 

ROBOTICS 

STRUCTURES/MATERIALS 
THERMAL CONTROL SYSTEM 

1:30pm - 3:00pm Current Station Subsystem Design 

Level III Managers 

3:00pm - 3:30pm BREAK 

3:30pm - 4:30pm Current OAST Program Overview 

OAST Program Managers 

4:30pm - 6:00pm Invited Speakers 
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WEDNESDAY. JANUARY 17. 1990 


8:00am - 5:30pm 


8:00am - 10:00am 
10:00am - 10:30am 
10:30am - 12:00N 
12:00N - 1:00pm 
1:00pm - 3:00pm 
3:00pm - 3:30pm 
3:30pm - 5:30pm 


ELEVEN DISCIPLINE BREAKOUTS 


ATTITUDE CONTROL AND STABILIZATION 
COMMUNICATIONS AND TRACKING 
DATA MANAGEMENT SYSTEM 
ECLSS 

EVA/MAN SYSTEMS 

FLUID MANAGEMENT SYSTEM 

POWER SYSTEM 

PROPULSION 

ROBOTICS 

STRUCTURES/MATERIALS 
THERMAL CONTROL SYSTEM 

Panel Discussion of Space Station System Needs 

BREAK 

Panel Discussion of Projected Technology Advances 


LUNCH 


Workshop Discussions 


BREAK 


Workshop Discussions 
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THURSDAY. JANUARY 18. 1990 


8:00am - 5:00pm 


8:00am - 10:00am 
10:00am - 10:30am 
10:30am - 12:00N 
12:00N - 1:00pm 
1:00pm - 3:00pm 
3:00pm - 3:30pm 
3:30pm - 5:00pm 


ELEVEN DISCIPLINE BREAKOUTS 

ATTITUDE CONTROL & STABILIZATION 
COMMUNICATIONS & TRACKING 
DATA MANAGEMENT SYSTEM 
ECLSS 

EVA/MAN SYSTEMS 

FLUID MANAGEMENT SYSTEM 

POWER SYSTEM 

PROPULSION 

ROBOTICS 

STRUCTURES/MATERIALS 
THERMAL CONTROL SYSTEM 


Workshop Discussions 
BREAK 

Workshop Discussions 
LUNCH 

Workshop Committees Prepare Reports 
BREAK 

Workshop Committees Prepare Reports 
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FRIDAY. JANUARY 19. 1990 


8:00am - 12:00N 
8:00am - 9:15am 


9:15am - 9:45am 
9:45am - 11:15am 


11:15am - 12:00N 
12:00N 


PLENARY SESSION 

Presentation of Workshop Reports 

Attitude Control and Stabilization 
Communications and Tracking 
Data Management System 
ECLSS 

EVA/Man Systems 
BREAK 

Presentation of Workshop Reports 

Fluid Management System 
Power System 
Propulsion 
Robotics 

Structures/Materials 
Thermal Control System 

Workshop Wrap-up 

ADJOURN 
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EVTEK ATTENDEES - MASTER LIST 


Abbott, Larry W. 
Akin, Dave 
Anderson, Lynn 
Arndt, Dickey 
Ashe, Tom 
Asher, Jim 
Aswan i, Mohan 
Austin, Frank H. 
Avans, Sherman L. 
Aydelott, John 
Ayers, J. Kirk 
Baird, R.S. 

Baker, Mary C. 
Barry, Tom 
Batten, Bobby G. 
Bechtel, Bob 
Behrend, Al 
Bendett, Mark 
Benz, Harry F. 
Bercaw, Robert 
Berry, William E. 
Blackburn, Greg C. 
Blevins, Donald R. 
Bogus, Drew 
Borden, Don 
Bowles, David E. 
Brandhorst, Henry 
Brooks, Thurston 
Brown, Barbara 
Brown, Robert H. 
Brownfield, Jay 
Butler, Jr., John M. 
Calogeras, James 
Cardin, Joe 
Carnes, James Ray 
Cassell, Sean 
Chen, Angela 
Cheyney, Clay 
Chung, Tae-Sang 
Cirillo, William M. 


NASA/JSC 

MIT 

Nasa LeRC 
NASA, JSC 

Garrett Fluid Systems 

Parker Hannifin Corp. 

Aerospace Corp. 

NASA/SSS-1 

NASA MSFC 

NASA LeRC 

Lockheed 

NASA - JSC 

Texas Tech University 

NASA-JSC/EH3 

NASA LaRC 

MSFC - EB 11 

NASA, JSC 

Honeywell, Inc. 

NASA/Langley 

NASA LeRC 

NASA, ARC 

NASA/JSC/EF2 

JSC/EP 

Allied-Signal 

Motorola, Inc. 

NASA LaRC 
NASA LeRC 
NASA/GSFC 
NASA, KSC 
McDonnel Douglas 
Allied-Signal, GFSD 
NASA, MSFC 
NASA/Lewis 
Moog Inc. 

Boeing 

Ford Aerospace 
McDonnell Douglas 
MOOG - Space Products 
University of Kentucky 
NASA LaRC 
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Clubb, Jerry J. 

Collier, Lisa 
Conlan, James T. 
Connolly, Denis J. 
Cooper, Paul A. 
Crawley, Edward F. 
Culpepper, William X. 
Cunningham, Harry 
Curtis, Henry 
Czajkowski, Eva 
D' Andrade, Jim 
Dahlstrom, Eric 
Dalton, Danny A. 

Dam sky, Steven 
Davis, Bill 
Davis, Tom 
Dell, Jim 
DeRyder, L.J. 
Deskevich, Joe 
Dewberry, Brandon 
Diamant, Bryce L. 
Dickinson, David W. 
Dietz, Reinhold H. 
Digulla, Wendy J. 
DiPirro, Mike 
Djinis, William 
Dochat, George R. 
Doiron, Harold 
Dollman, Tom 
Domeniconi, Mike 
Dominick, Sam 
Dorland, Wade D. 
Dunkelberger, Bill 
Eberhardt, Ralph 
Eckle, John J. 

Edgell, Jo 
Eisenberg, Al 
Eisenhaure, Dave 
Ellis, Wil 
Erickson, Daniel E. 
Evanich, Peggy L. 
Evans, Steve 
Fisher, Tom 


NASA/MSFC 

CTA I n co rpo rated/La RC 
Astro Aerospace Corp 
NASA LeRC 
NASA LaRC 
MIT 

NASA, JSC 
Lockheed ESC 
NASA/Lewis 
Analytic Service, Inc. 

ILC Dover, Inc. 

Lockheed Engineering 

NASA, GSFC 

GRC 

Boeing Computer Services 

NASA, KSC 

W-ESD 

NASA Langley 

Grumman 

NASA MSFC 

McDonnell Douglas 

Ohio State University 

NASA, JSC 

NASA, KSC 

NASA/GSFC 

NASA HQ 

Mechanical Technology Inc 
McDonnell Douglas 
NASA MSFC 
Ford Aerospace 
Martin Marietta 
Wyle Labs 

United Technologies/USBi 
Martin Marietta 
Boeing 

U. of Alabama, Huntsville 
McDonnell Douglas 
SatCon Tech Corp 
NASA, JSC 
JPL 

NASA - OASR 

Rocketdyne 

Lockheed 
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Fishkind, Stanley A. 
Fleener, Terry 
Force, Edwin L. 

Fox, David A. 

Fraser, George F. 
Friedman, Robert 
Friefeld, Jerry 
Gangal, Mukund 
Gates, Richard M. 
Gerber, Jr., Andrew J. 
Ghassemi, Parviz 
Giffin, Geoff 
Giuntini, Ronald 
Glover, Cynthia 
Goldman, Jeff 
Gonzalez, Tony 
Gould, Marston 
Gould, Patricia E. 

' Griffin, Charles H. 
Griffiths, Ron 
Grohowski, Jim 
Grupe, David 
Hadaegh, Fred Y. 

Hall, Jack 
Hampel, Daniel 
Hansen, Irv 
Hastings, Leon 
Hattis, Philip 
Hay, Robert E. 

Hayduk, Robert J. 
Hayes, Paul J. 

Heard, Doug 
Henderson, John B. 
Hen nig , Jay 
Hitchens, G. Duncan 
Ho, Frank 
Hoggard, Walter C. 
Hoggatt, John T. 
Hollars, Michael G. 
Holloway, Reggie M. 
Holt, Alan C. 

Horne, Ed 
Housner, Jerry M. 


NASA (HQTS/Leve! I) 

Ball Aerospace 
NASA ARC 
Westinghouse 
C. S. Draper Lab. 

NASA LeRC 
Roeketdyne 
JPL/SSFPO Level'll 
Boeing 

Fairchild Space Company 

Booz-Allen 

NASA HDQS 

Wyle Laboratories 

Rockwell International 

Foster-Miller 

Fairchild - Manhattan CA Bch 

NASA LaRC 

MITRE 

NASA, KSC 

Foster Miller 

Westinghouse Space Division 
01 in Rocket Research 
JPL 

NASA - Reston 
GE Aerospace 
NASA LeRC 
NASA MsFC 
C. S. Draper Lab. 

Motorola 

NASA HQ 

NASA/LaRC 

NASA LaRC 

NASA/JSC 

MDOG 

LYNNTECH 

Applied Solar Energy 
NASA LaRC 
Boeing 

Ford Aerospace 
NASA LaRC 
NASA SSFPO/Reston 
Boeing Co. 

NASA LaRC 
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Hunter, David G. 

Iverson, James D, 
Jackson, Stewart W. 
Jayachandran, P. 
Jefferson, David 
Jelatis, Demetrius G. 
Jenkins, Jim 
Johnson, Anngienetta R. 
Jones, Lee 
Jones, Michael 
Karlheinz, Haag 
Karr, Gerald R. 
Kaszubowski, Martin J. 
Keckler, Claude R. 
Kelley, Jim 
Kessler, Donald J. 

Kish, Jim 
Klusendorf, Roy E. 
Kolecki, Joseph C. 
Kondis, Peter 
Kosmo, Joe 
Kowitz, Herbert R. 
Kozak, Dave 
Kramer, James J. 

Kumar, Renjith R. 

Kurd j la, Andrew J. 
Lamparter, Richard 
Larson, Vernon R. 

Lee, Bill ' 

Lee, John F.L. 

Lee, Roscoe 
Lepanto, Janet 
Lewis, Jim 
Liggett, Mark 
Lin, Chin 
Lin, Jiguan Gene 
Little, Frank E. 

Liu, Yuan-Kwei 
Llewellyn, Charles P. 
Lowry, Philip 
Lundstrom, Stephen F. 
Manering, Mark 
Manfredi, Larry 


Canadian Space Agency 
Iowa State U. 

Fairchild Space Company 

SSEIC/Reston 

NIST 

Central Research Labs 

OAST/NASA 

NASA/Reston 

NASA/MsFC 

MDSSC 

DLR 

Univ. of Alabama (Huntsville) 
CTA, Inc. 

NASA LaRC 
JPL 

NASA, JSC 

NASA LeRC 

Spar Aerospace 

NASA/Lewis 

Rockwell International 

NASA-JSC/EC3 

NASA, LaRC 

ASEC 

Univ. of Alabama (Huntsville) 
AMA, Inc. 

Texas A&M Univ. 

Lockheed 
Rocketdyne 
Fairchild Control 
Honeywell, Inc. 

TRW 

C. S. Draper Lab. 
NASA-JSC/SP 
General Dynamics 
NASA, JSC 

Control Research Corp. 

Texas A&M Univ. 

NASA/ARC 
AMA/LaRC 
General Dynamics 
PARSA 

McDonnell Douglas 
NASA, KSC 
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Martinec, John L. 
Masline, Richard 
Mazanek, Dan 
McElroy, Jim 
McGovern, Dennis J. 
McKeritt, Frank 
McLaliin, Kerry L. 
Meserole, Chip 
Mettler, Edward 
Mikulas, Jr., Martin M. 
Mitchell, Fred 
Morvano, Joe 
Myron, Don 
Nagy, Kornel 
Newsom, Jerry R. 
Nichols, Hugh 
Nichols, Jay A. 

Nored, Donald L. 
O'Hair, Ed 
Olsson, Eric 
Olstad, Walter B. 
Oran, William A. 
Ostrom, Lee 
Parker, Ken 
Parlos, Alexander G. 
Patterson, Bob 
Peterson, Bud 
Petrozzi, Mike 
Pinkerton, Robb 
Pinson, Larry D. 

Pirri, Tony 
Piszczor, Michael 
Plotkin, Henry H. 
Poley, William A. 
Provost, David E. 
Purves, Robert Byron 
Putnam, David F. 
Quaid, Thomas B. 
Radtke, Robert 
Raff i , Rhonda 
Rascoe, Dan L. 

Ray, Charles D. 

Redd, Bass 


IBM Corporation 
NASA/JPL 
AMA (LaRC) 

Hamilton Standard 
McDonnell Douglas 
Tedinion, Inc. 
NASA/Lewis 
Boeing/Seattle 
JPL 

NASA LaRC 

McDonnell Douglas 

MDSSC-SSD 

Boeing 

NASA, JSC 

NASA LaRC 

MDSSC-KSC 

Rockwell International 

NASA LeRC 

Texas Tech University 
Lockheed 
Lockheed 
Bendix Corp. 

EG&G, Idaho 
AIRESEARCH 
Texas A&M Univ. 

TRW 

Texas A&M University 
Fairchild 

SSEIC/Ford Aerospace 
NASA LaRC 

Physical Sciences, Inc. 

NASA/Lewis 

NASA, GSFC 

NASA/Lewis 

NASA/GSFC 

Boeing 

UMPQUA 

Motorola 

Tracer Applied Sciences 
SatCon Tech Corp 
JPL 

NASA MSFC 
Eagle Engineering 
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Reinicke, Bob 
Reuter, Gerald J. 

Reysa, Richard 
Rhodes, Marvin 
Rinsland, Pamela L. 
Rogan, Jim 
Rogers, Tom D. 

Rohn, Douglas A. 
Romanofsky, Robert 
Rose, Frank 
Rosser, Ken 
Rosser, Ken H. 

Rouen, Michael 
Rountree, Will 
Rudich, Bob 
Saha, H. 

Sanabria, Olga Gonzalez- 
Sanabria, Rafael 
Sasamoto, Washito 
Schneider, Steven J. 
Schnittgrund, Gary 
Schober, Wayne 
Schubert, Franz H. 
Schuster, John 
Shane, Rick 
Shaw, Roland W. 

Shepard, G. Dudley 
Shull, Thomas A, 
Simberg, Rand 
Simon, Michael C. 

Slade, Howard 
Slavin, Tom 
Smisek, Dick 
Smith, Jeffrey H. 

Smith, Malcolm C. 

Smith rick, John 
Sokolov, Vladimir 
Starsman, Raymond E. 
Stedman, Jay 
Sullivan, Jim 
Summerfield, Martin 
Sundberg, Gale 
Sunkel, John W. 


Marotta Scientific 

NASA/JSC 

Boeing 

NASA LaRC 

NASA LaRC 

MDSSC 

Texas A&M Univ. 

NASA LeRC 
NASA HQ 

Auburn University 
McDonnell Douglas 
MDSSC/KSC 
NASA-JSC/EH3 
Eaton Corporation 
AIRESEARCH 

Alabama A&M University 

NASA LeRC 

NASA LeRC 

NASA, LaRC 

NASA/LeRC 

Rocketdyne 

JPL 

Life Systems 
GD Space Systems 
Hamilton Standard 
Shason Microwave 
C. S. Draper Lab 
NASA LaRC 
Rockwell/STSD 
General Dynamics 
MDSSC-SSD 
Boeing 
AIRESEARCH 
JPL 

ILC Space Systems Division 

NASA/Lewis 

Honeywell, Inc, 

JPL 

IFC 

Westinghouse 
PCRL, Inc. 

NASA LeRC 
NASA, JSC , 
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Swanson, Ted 
Swietek, Greg E. 
Symons, Pat 
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